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ABSTRACT
A study was conducted to measure sublimation rates and concurrent 
meteorological parameters on snow packs at Kyle Canyon, Nevada; Brian Head, Utah; 
and Lee Canyon, Nevada. Over 730 individual gravimetric measurements were made 
using snow lysimeters and over 16,500 individual meteorological measurements were 
taken. The measured sublimation rates averaged 0.438 mm/day, 0.757 mm/day, and 0.586 
mm/day for each site respectively, with a combined average of 0.647 mm/day for all sites. 
There was little or no correlation between measured sublimation rates and meteorological 
measurements with the exception of Kyle Canyon. However, the data set from Kyle 
Canyon was the most limited o f the sites and may have produced spurious correlations.
The Thomthwaite and Holzman equation was used to calculate sublimation values for 
each site, predicting average sublimation rates that were less than half o f the measured 
values. The calculated sublimation rate averaged 0.281 mm/day for all sites and, excepting 
Kyle Canyon data, correlated poorly with measured values. Calculated sublimation rates 
from an empirical equation proposed by Avery et al. (1992) were correlated with the 
averaged measured rates at eleven field sites including the three sites in this study, giving a 
correlation value of 0.775. The measured sublimation rates from this study were within 
the range o f sublimation rates observed by other researchers. Sublimation was shown to be 
responsible for a significant amount of water-equivalent loss from snow packs.
til
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CHAPTER I 
INTRODUCTION
Sublimation is defined as the change of a solid directly into a vapor state, and it 
can be responsible for a considerable amount of water loss from the earth’s surface, 
particularly from snow fields (Schmidt and Troendle, 1992). It is important to assess 
factors that influence snow field water balance, because snow fields could be considered 
frozen surface reservoirs with stored water that is potentially available for human and 
wildlife use. Although mathematical estimations are commonly used for determining 
available water in snow packs, mathematical descriptions of snow sublimation are not 
widely incorporated in the determination of the snow pack water equivalent.
Sublimation is affected by a number of variables. Historically, different researchers 
have examined sublimation as a function of several different field parameters including 
wind speed, humidity, air temperature, snow temperature, location, and solar radiation. 
Before any mathematical method can be used to accurately estimate sublimation loss, field 
information is needed for developing a robust methodology.
This study addresses whether sublimation is a significant variable at selected sites, 
and whether, quantitatively, sublimation should be considered in calculating potential 
water equivalent o f a snow pack. This study examines the correlation of measured
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
sublimation rates to meteorological data such as wind speed, humidity, and temperature. 
The possible effects o f snow metamorphism on sublimation rates are briefly discussed.
This study investigates the estimation of sublimation rates by comparing measured 
sublimation rates with an equation proposed by Thomthwaite and Holzman (1939). An 
empirical equation proposed by Avery et al. (1992) is also used to analyze the relevance of 
the geographical characteristics o f latitude, continentality, and elevation. Lastly, the 
measured sublimation data is compared to measured sublimation rates of other areas.
This research was conducted during the winter months in an alpine environment 
(November to May) during the years 1993 to 1995. Location spanned three areas in the 
western United States due to the availability of natural snowfall and accessibility of the 
research sites. The first location was the Kyle Canyon pumping station, located 35 miles 
West - Northwest o f Las Vegas, Nevada. It was established and data was collected until 
March 14, 1994. In May 1994, the research site was established at Brian Head Ski Area, 
near Parowan, Utah and data were collected until June 3, 1994. Lastly, starting December 
1995 research was conducted at the Lee Canyon Ski Area, located approximately 50 miles 
West - Northwest o f Las Vegas, Nevada and data were collected until February 17, 1995.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
BACKGROUND
There has not been a significant amount o f research in the field of snow 
sublimation (Avery et ai. 1992). Previous studies focus on specific aspects o f sublimation 
such as water equivalent loss from snow tunnels or snow caught in conifers, or they focus 
on specific regions such as the Arctic or the Sierra Nevada. Most research regarding 
sublimation from snow pack research was conducted in permafi'ost regions, although 
sublimation research from blowing or transported snow was performed in non-permafrost 
regions as well. Several studies are pertinent to the estimation of snow water equivalent 
loss in the form of sublimation. The research of Albert et al. (1992), Schmidt (1972, 1982, 
1991), Schmidt and Troendle (1992), Edgar (1966), Ohmura (1982a, 1982b), Panofsky 
(1960), Priestly (1955), Marks and Dozier (1992), Avery et al. (1992), Pomeroy (1989), 
Yen (1982), and Thomthwaite and Holzman (1939) is considered in this study. 
Sublimation from In-transit Snow
Schmidt (1972, 1982, 1991) has done extensive research with regard to 
sublimation within blowing snow (in-transit sublimation). Schmidt has established 
numerous empirical equations for quantifying snow loss that occurs during transport that 
revolve around the wind profile. These studies provide insight to the effects o f wind
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4profile and to the importance of snow sublimation.
Pomeroy (1989) checked and expanded on Schmidt’s (1988) blowing snow 
research. Pomeroy made some surprising observations. Diurnal variations in solar 
radiation from an April day at noon to the nighttime readings, with all other conditions 
constant, varied by no more than 3%. Increases in air temperature from -35°C to - I °C 
increased sublimation rates 22-fold. Also, at -15° C, a decrease in relative humidity fi'om 
90% to 40% increased sublimation rates 6-fold for blowing snow. Pomeroy concluded 
that sublimation affects overwinter losses of snow cover, although rates varied 
considerably with meteorological conditions, especially wind speed, temperature, and 
humidity.
Vapor Flow within Snow Packs
Yen (1982) investigated the temperature distribution in an air ventilated snow 
layer. In this study, a source was implanted to conduct heat upward and mechanically 
force air downward through a snow sample. Yen (1982) clearly demonstrated that the 
temperature o f the snow is closer to that of the colder surface (heat source or the air 
temperature) and is considerably affected by the rate of air and vapor flow. This research 
provided characteristics o f a snow pack including the effects o f ventilation on a snow 
pack.
Albert and McGilvary (1992) researched the thermal effects due to air flow and 
vapor transport in dry snow. They demonstrated that the heat transfer associated with 
vapor transport is an important factor when determining the temperature profile of a 
ventilated snow sample. The heat transfer is most likely to be observed when the 
controlling factors of flow rate is high and temperature gradient is low. Albert and
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5McGilvary (1992) indicate there that may be occasional significant air flow through a 
snow pack, but it is not detectable by snow temperature measurements.
Sublimation from Snow in Conifers
Schmidt (1991) examined the sublimation of snow intercepted by an artificial 
conifer. He found that the sublimation rate of snow intercepted by a conifer correlated 
well with the sublimation of a 1-mm-diameter ice sphere exposed to the same conditions 
of temperature, humidity, wind speed, and solar radiation. Also, the sublimation rate 
decreased from a few hours after a snow fall until 8 hours after a snowfall by 
approximately half. It was also noted that an increase in deforestation would increase 
runoff via reduction of sublimated snow. Schmidt’s research provides insight into 
meteorological relationships with respect to sublimation.
Schmidt & Troendle (1992) investigated the effects of intercepted snow as a 
source of global water vapor. Their research was conducted in northern climates where 
frequent snowfalls are usually followed by clear weather and dry air masses. They found 
that the interception of snow greatly increases the opportunities for sublimation. Increases 
in the surface area of the snow and the increased transport o f the snow by wind or melt 
also increased sublimation rates. Schmidt & Troendle (1992) suggested that deforestation 
could increase sublimation and, therefore, water vapor in the atmosphere on a global scale. 
This increase could have large-scale affects on weather patterns that could further effect 
the amount of water returned to the atmosphere.
Sublimation / Evaporation from Insitu Snow Packs
Thomthwaite and Holzman (1939) expanded on previous empirical evaporation 
theories that applied to bodies of water, to include water loss from watersheds and
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6agricultural lands. They theorized that the loss from an exposed pan, atmometer, did not 
accurately represent the evaporation from a surface with a higher exposed evaporating 
area such as soil or snow. Most theories at the time focused on bodies of water, not 
watershed areas or snow packs. Thomthwaite and Holzman demonstrated a practical 
method for determining evaporation from land or water areas. Their method of estimating 
evaporation required field input of the mean time values of wind speed and specific 
humidity at different heights. This research is the basis for one o f the methods, presented 
in Chapter 3, for estimating snow sublimation.
Edgar ( 1966) investigated mass transfer by snow sublimation in Greenland.
Edgar’s theories revolved around predicting mass transfer rates from snow surfaces in 
order to control creep (plastic flow of snow) and densification o f the snow in tunnels used 
to connect buildings. These influences continually lowered the tunnels heights at a rate of 
1 foot/year to the point where they were no longer useable. Edgar’s (1966) experiments 
consisted of an experimental tunnel where the influencing factors could be controlled. 
Edgar found that the factors that influence the mass transfer rate (sublimation) are, in 
order of influence: the air velocity, air temperature, dew point temperature, and the 
temperature o f the snow. A power source was used to control the temperature o f the 
snow pack in these experiments. Edgar found that the sublimation that occurred in the 
tunnels could be predicted with a 13% to 20% margin of error.
Ohmura (1982a, 1982b) incorporated the use of the Monin-Obukhov function into 
the Thomthwaite and Holzman (1939) equation. The Monin-Obukhov function is based 
on the Richardson number. The Richardson number is a non-dimensional measure of 
turbulence in the atmosphere. For “normal” ranges of the Richardson number that occur
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7in regular atmospheric conditions, the difference between Ohmura’s (1982a) equation and 
Thomthwaite and Holzman’s (1939) equation varies less than 4%. The assumptions made 
for atmospheric conditions by Ohmura are based on the research of Priestly (1955) 
concerning forced convection near the ground, and the findings of Panofsky et al. (1960) 
in their research of the diabatic wind profile. Ohmura’s (1982a) work is an extension of 
Thomthwaite and Holzman s (1939) equation presented in Chapter 3.
Sublimation in the Sierra Nevada
Marks and Dozier (1992) conducted research in the southem Sierra Nevada to 
evaluate the alpine surface climate, energy exchange, and snow melt during the 1986 snow 
season. Their findings concluded that net radiation contributed the largest amount of 
energy for snow melt, followed by sensible and latent heat exchange. Soil conduction and 
advection provided negligible energy flux, but during the midwinter, soil conduction did 
produce significant base melt. During the snow melt period, net radiation contributed five 
to ten times as much energy for melting over the combination of all other forms of heat 
transfer. During the entire snow season, Marks and Dozier ( 1992) calculated the loss 
from sublimation accounted for approximately 20% of the mass o f the snow cover.
Avery et al. (1992) approached sublimation through the use o f a Sublimation 
Opportunity Index. While this is not a predictive model, there does seem to be a good 
correlation between the index and measured rates. The Sublimation Opportunity Index is 
based on a 21 -year data set to empirically represent sublimation rates. Avery et al. ( 1992) 
also compared sublimation rates fi'om sites in other parts o f the northern hemisphere.
Based on the latitude, continentality, and elevation of the different sites, they created an 
empirical equation for estimating sublimation. Later in this thesis (Chapter 6), measured
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8sublimation rates from selected sites in Nevada and Utah are compared with values 
calculated using Avery et al.’s (1992) empirical equation.
Some researchers believe that at near-freezing temperatures it is difficult to 
distinguish the difference between sublimation and evaporation from a snow pack (Albert 
1993). Evaporation may occur in a snow pack without noticeable free water content 
through a mechanism where melt forms a thin film of water on individual snow crystals, 
and then evaporates. This process would not leave any appreciable free water in the snow 
pack and would appear as sublimation loss through gravimetric measurements. The 
vapor loss from a snow pack has been described by researchers as evapo-sublimation for 
conditions where the air temperature is near or above freezing (Avery et al. 1992).
Research has provided a number of reasons for quantifying sublimation. Past 
research had the goal of quantifying sublimation in order to aid the design of structures 
such as snow tunnels and drift guards, to help efforts to increase snow melt runoff, to 
support efforts to protect global atmospheric conditions, to assist efforts to predict future 
atmospheric conditions, and to more accurately predict runoff in order to facilitate water 
resources management. As Avery et al. (1992) have pointed out, there is a wide variance 
in measured and calculated sublimation rates, and sublimation is an important variable that 
should be considered in water/snow management schemes.
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CHAPTERS
THEORY
Estimates of sublimation rates were made using three different methods: one 
requiring physical measurement, one equation based on meteorological measurements, and 
one based on an empirical equation. The physical measurements rely on snow lysimeters 
to calculate sublimation rates through physically observing gravimetric mass lost in the 
field. The second, an evaporation equation proposed by Thomthwaite and Holzman 
(1939), estimated sublimation rates through the use of meteorological measurements. 
Lastly, an empirical equation proposed by Avery et al. (1992) estimated sublimation rates 
through the geographical characteristics o f the site. In the following section, these three 
methods for measuring sublimation used in this study are described.
Snow Lvsimeter
The snow lysimeter method is relatively simple. The criteria inherent in using a 
lysimeter to accurately determine sublimation include that the temperature of the snow 
pack and air remain below freezing (no melting occurs), and that no falling or blowing 
snow (or other foreign material) enter the lysimeter during sampling times. The 
measurements record mass of the sample taken at various times over a sampling period. 
The change in mass over a given time period is the measured sublimation rate.
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Mass balance can be written as;
(Eq.3.1) E = (M,-MJ/[(Vt,)A]
where;
E = evaporation flux (g/cm’-min)
Ml = mass (g) of sample at t,
M, = mass (g) of sample at t, 
t, = time (min) o f sample m, 
t, = time (min) of sample m,
A = area o f lysimeter (cm’)
Water equivalent is a common hydrologie term used to describe the amount of 
water potentially released from a given snow pack upon melting. Mass measurements 
were converted into water equivalent by definitions of the quantities involved; mass, 
volume and density. This conversion enabled the comparison o f measured sublimation 
rates to the sublimation rates obtained through other methods discussed below. 
Sublimation / Evaporation Equation
There are two dominant variables that are commonly used in determining 
evaporation through the use of a wind-profile based equation; these variables are wind 
speed and humidity (Ohmura, 1982a). Wind speed increases with elevation above the 
ground due to the anchoring effect of friction at the ground surface. Vapor from the snow 
surface is transferred to the air as the air travels over the surface. Air in transit (wind) 
normally contains some level of moisture that depends on the air’s dew point temperature. 
According to Thomthwaite and Holzman (1939), air near the surface of the earth contains 
more moisture than higher air creating a vapor gradient.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The lower atmosphere (troposphere) consists o f a number o f  layers. A thin zone, 
typically only a few millimeters (Thomthwaite and Holzman 1939), exists closest to the 
earth’s surface where air flow is laminar. Overlying the laminar layer, there is a zone 
where wind is also affected by the friction of the earth, but instead o f  having an anchoring 
effect, the earth’s surface creates atmospheric mixing. This zone is referred to as the 
turbulent layer. In the turbulent layer, the amount o f mixing and thickness of the layer 
depends on the shearing stresses associated with the roughness o f the earth’s surface and 
the amount of mixing caused by the force of the wind profile (wind speed). The higher the 
wind speed or the rougher the earth’s surface, the thicker the turbulent layer. The 
turbulent layer forms an adiabatic distribution of the properties in the air, with mixing 
ultimately moderating the differences in moisture concentration between the lower and 
upper boundaries o f the turbulent layer. If moisture is not added or removed from the 
turbulent layer, the moisture profile will become uniform throughout the layer 
(Thomthwaite and Holzman 1939).
If water vapor is being emitted from an evaporating/sublimating surface, it then 
will be transported upward through the laminar layer and distributed in the turbulent layer. 
As long as the water vapor is flowing upward into the turbulent layer, the moisture 
concentration will be highest at the sublimating surface and lessen as elevation increases. 
This moisture gradient creates a driving force upwards. The gradient will exist as long as 
there is a moisture source at the surface and a wind profile capable o f mixing within the 
turbulent layer. According to Koeppe and De Long (1958), “when air is in stable 
equilibrium - when it tends to resist vertical movement - it is said to be stable.” In 
conditions of atmospheric stability, there is a lack of a moisture gradient. So, to maintain
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the gradient, there must be evaporation/sublimation at the earth’s surface, and a 
corresponding withdrawal of moisture by the turbulent layer.
Evaporation/sublimation may be estimated by measuring the vertical distribution of 
moisture in the air and the intensity of turbulent mixing. Many equations require minimum 
field data to calculate evapo-sublimation: moisture concentrations at two levels within the 
turbulent layer, and wind measurements at two or more levels to give the intensity of 
turbulent mixing. Moisture concentration in the air is measured as specific humidity. Air 
pressure is usually considered to be constant and the specific humidity is considered to be 
proportional to the vapor pressure between the height of the two measurements.
Thomthwaite and Holzman’s (1939) evaporation/sublimation formula for water is 
derived from the definition of the parameters involved and can be written as follows:
(Eq 3.2) E =
(In z^lz^Ÿ
where:
E = the evaporation rate (mm/s)
p = density of air (g/cm^)
k = von Karman constant (0.4)
u, = lower level time mean wind speed (cm/s)
U; = higher level time mean wind speed (cm/s)
Zi = lower level height above the surface (cm) 
z, = higher level height above the surface (cm) 
q, = lower level time mean specific humidity (g/g)
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q, = higher level time mean specific humidity (g/g)
The above equation is rigorously correct for an adiabatic atmosphere, assuming 
linear wind and moisture profiles (Thomthwaite and Holzman, 1939). Thomthwaite and 
Holzman found that when the temperature and wind structure attain certain values the 
effect o f turbulent mixing can be, in effect, suspended and the moisture transfer would be 
controlled by difiiision alone. When the turbulent layer is stable, mostly under conditions 
of light winds and temperature inversions, the values from Equation 3.2 may be 
erroneously large. However, this does not create any serious error in the calculation of 
evapo-sublimation, as the amount of water vapor loss in times of a stable turbulent layer 
would be negligible compared to the loss during adiabatic conditions (Thomthwaite and 
Holzman, 1939).
Thomthwaite and Holzman’s original equation (equation 3.2) calls for the use of 
specific humidity. Due to limitations of the instrumentation used in this research only 
relative humidity could be obtained.
Relative humidity can be defined by (Holmboe et al., 1948);
(Eq. 3.3) r = w/w,=q/q,
where:
r=  relative humidity 
w = mixing ratio
= saturation mixing ratio 
q = specific humidity 
% = saturation specific humidity
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The instrumentation used in this study does not allow for a direct calculation of 
specific humidity {q) from relative humidity (r) However, the equation can be rewritten 
with respect to the saturation mixing ratio ( if some assumptions are made. Let a 
volume of moist air with a total mass {M) consist o f a mass o f dry air (AQ and a mass of 
water vapor {MX  where M  = Mj + . Specific humidity (q) and the mixing ratio can be
defined as;
q = M ^ /M  and w = M ^/M ^
For pure water vapor w= ~ and <7=1. For absolute dry air w= ^ = 0. We can see that q 
is always less than w by definition. Holmboe et al. (1948) has shown that in the 
atmosphere, the mixing ratio {w) is usually less than 0.04. If we take that as a limit and 
take q/w, then we see that q is at least 96% of w, or the difference between q and wis less 
than 4%. Therefore, for most practical purposes, we can assume that q=w. It is for this 
reason that wand <7 have been confused in meteorological literature. The saturation 
mixing ratio ( w j can be obtained from the use o f a SKEW-T Adiabatic diagram if the 
temperature and altitude (elevation) are known (NOAA, National Weather Service. Chart 
D-7A 1977). The saturation mixing ratio ( w j  can be found at the intersection of the 
temperature, elevation (altitude), and saturation mixing ratio curves. If we then substitute 
9 for win Equation 3.3 based on the assumptions above, we can derive 
(Eq. 3.4) q ^ r w ^
This equation allows the use of the relative humidity data in Thomthwaite and Holzman’s 
equation (Eq. 3.2). All other measurements require no more than unit conversion for 
direct input to the Thomthwaite and Holzman formula.
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Empirical Equation Based on Geographic Characteristics
Avery et ai. (1992) performed a comparative study o f eight different sites where 
data could be reduced to a sublimation rate. Using multiple regression Avery et al. (1992) 
derived the following empirical formula using multiple regression;
(3.5) S  = -3.80292966 + 0.06673232*1 + 0.00I2982*C + 0.00035565*E
where;
S = sublimation rate (mm/day)
L = latitude (degrees)
C = continentality (km)
E = elevation (m)
The continentality is defined as the shortest distance from the closest coast in 
kilometers.
For the data set that Avery et al. (1992) collected, the above equation (Eq. 3.5) 
has an unadjusted r^  of 0.577 and a correlation value of 0.760. Avery et al. (1992) found 
that there was an increase in reported sublimation rates at sites farther inland, higher 
elevations, and somewhat at more northerly sites.
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CHAPTER 4 
METHODOLOGY
Having established three methods for measuring or calculating sublimation rates in 
Chapter 3, it is useful to compare sublimation rates measured in the field with calculated 
values. Methods for calculating sublimation include the equations proposed by 
Thomthwaite and Holzman (1939) using meteorological data, and the empirical approach 
from Avery et al. (1992). Many factors must be considered in obtaining data before these 
methods can be compared. Factors such as site characteristics, instrumentation for 
meteorological measurements, and the equipment for actual sublimation readings are 
crucial. Each of these factors is discussed below.
Site Locations
Most of the previous work on sublimation has been conducted in the Arctic or 
Antarctic regions. These areas usually possess wide-open areas with unobstructed wind 
profiles. Therefore, for similar comparison, locations that were chosen had to have limited 
interference from surrounding objects and terrain. Each site had to be in a relatively open 
location so that a uniform layered wind could form. Also, the sites needed to be sheltered 
from blowing snow and rebounding or reflecting winds. Consistent exposure to sunlight, 
without shade, throughout sampling periods was also a requirement to make the effects of
16
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solar radiation more constant. The research area also would optimally be in a location 
with air temperatures consistently below freezing. Mild winter conditions of the 
southwestern United States during the study period made meeting this criterion difficult, 
to the point that even in mid-winter the temperatures could rise above freezing. The sites 
needed to be accessible by foot during the winter months. Isolation is also fairly important 
as to shield the instrumentation and study site from human disturbance and vandalism. 
There was only one set o f meteorological instrumentation available (discussed below) so 
concurrent research at more than one site could not be conducted. Sites had to be 
accessible by truck at some time during the year to set up field instrumentation.
The Las Vegas Valley Water District provided the first area o f study. The area is a 
well pumping station located in Kyle Canyon, Nevada within Toiyabe National Forest (see 
Figure 4.1). The Kyle Canyon site is located at Latitude 36° 15' 36" and Longitude 115° 
37' 50" at an elevation of 2,000 meters. The station included a fenced area, electrical 
power, and excellent accessibility. Preliminary studies were held in this location to finalize 
methodology and establish parameters for the recording of meteorological data. The Kyle 
Canyon site did produce usable data from the winter o f 1993/1994 although an early 
spring necessitated relocating the site.
After the field instrumentation had been debugged at Kyle Canyon and the 
conditions became too warm to continue research, the site was moved to Brian Head Ski 
Area, Utah within Dixie National Forest (see Figure 4 .1). The study area is located on a 
ski area at Latitude 39° 9' 14" and Longitude 112° 55' 26" at an elevation of 3,000 
meters. Samples were taken from May 18, 1994 to June 2, 1994 during a time that the ski 
area was closed.









Figure 4 .1 Map of research sites.
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The following winter the site was moved to an area near Lee Canyon Ski Area, 
Nevada within Toiyabe National Forest (see Figure 4.1). This research site was located at 
Latitude 36° 17' 43" and Longitude 115° 38' 29" at an elevation of 2,700 meters. The 
location was at the mn out area of an avalanche chute. The avalanche chute provided a 
large opening in the trees. Access was excellent. Samples were taken from January 10, 
1995 to February 17, 1995.
Snow Lysimeter Method
The evaporation/sublimation rates from the snow pack were measured at various 
times by noting the gravimetric change in mass of a snow lysimeter. Lysimeter locations 
were chosen to be close to meteorological instrumentation and have consistent exposure 
to the sun during sampling times.
The lysimeter design was based on those used by Ohmura (1982a). The lysimeters 
consisted of a closed bottom circular cylinder, constructed of translucent plastic 
approximately 1.5 mm thick. Translucent plastic was chosen because of its similar thermal 
characteristics to snow (Albert et al. 1992). The diameter of the lysimeter was 14 cm and 
has a height of 6  cm. Ohmura (1982a) utilized lysimeters of 5, 10, 12, and 15 cm depths, 
but due to available equipment (i.e., balance) this study was restricted to use lysimeters 
with a maximum depth of 6  cm. Any deeper lysimeter would have exceeded the balance’s 
limits when filled with snow. Ten lysimeters were used concurrently. If a problem 
occurred with one lysimeter, that lysimeter’s data were not included in the calculation of 
the sublimation rate during that sampling period.
The methodology required filling the lysimeters with undisturbed snow samples.
The filling of the lysimeters was approached using two different methods. When snow fell
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regularly, it was allowed to fill an empty lysimeter up to 6  cm. Regulating the snow depth 
in the lysimeters was accomplished by allowing the lysimeters to fill and then placing them 
in a sheltered area until the end of the storm, at which time the lysimeters were returned to 
the snow pack. In times of no snow fall events, snow was carefully cut with a knife and 
transferred to the lysimeter by hand. Care was taken not to disturb the snow’s existing 
surface layer. After snow had been placed in the lysimeters, the lysimeters were placed 
into the snow up to their rim. Burying the lysimeters was done in an effort to minimize 
the effects of the lysimeter walls on the sample. By placing the lysimeters up to the rim in 
the snow three important factors were addressed. The effects of solar radiation on the 
lysimeter and on the sides of the samples were minimized, the thermal properties of the 
sample were retained, and the disturbance of the wind profile around the sample 
minimized.
Steps were taken to ensure that blowing snow would not account for change in 
lysimeter mass. To ensure that no mass was added to lysimeters, an empty lysimeter 
placed in the sample area was used to determine if any snow was blowing into the 
lysimeters. Times of blowing snow added a variable that is excluded from this 
methodology. If there was any accumulation of snow in the empty lysimeter during the 
sampling time, that sample period was excluded from the final data set. Observations 
were taken of the snowfield to ensure that no snow was being blown out of the lysimeters. 
Visual observations were also made to determine if there was snow being transported via 
the wind, if detected that sampling period’s data was also excluded fi'om the final data set. 
The snow sample life in the lysimeters varied with the weather conditions. During periods 
of cold and no precipitation, samples would last four to six days. Later in the year, higher
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temperatures (near freezing) necessitated more frequent changing o f samples. Samples 
were changed when a visible change in the structure o f the sample was noticed. Visible 
changes included the sample metamorphosing into ice, water held in capillary force, or the 
creation of any air channels around the sample. Depending on temperature, samples and 
sampling periods had to be changed from every few days to every few hours.
The process of determining the change in mass of the snow samples necessitated 
removing the lysimeter from the snow pack. Each lysimeter had to be removed, cleaned 
of any snow or ice that had attached to the exterior of the lysimeter, weighed, and 
returned to the snow pack. Again care was taken as not to disturb the sample.
Gravimetric measurements of the snow lysimeters were made with an Ohaus TS400S 
digital balance that is capable o f measuring 500 grams with a resolution of 0.01 grams 
(Ohaus Corporation, Florham Park, New Jersey). Power for the balance was provided by 
a 1 2 0 -volt inverter connected to the 1 2 -volt battery used to power the meteorological 
instruments described below. Given the diameter of the lysimeter, the loss of one gram of 
snow mass from the lysimeter corresponds to 0.56 mm of water equivalent.
Meteorological measurements were taken every minute by the Datalogger and 
averaged to record a reading at 10 minute intervals. These measurements were then 
averaged into one hour increments. Lysimeter sampling times varied from one half hour 
to daily according to accessibility and weather conditions.
Meteorological Measurements
The supporting theoretical calculations required field meteorological data, which in 
turn necessitated the use of meteorological instrumentation. All of the meteorological 
instrumentation listed below were attached to or contained in a box trailer. The trailer
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facilitated transport, as well as providing storage and shelter during extended sampling 
times. See Figure 4.2 for a layout o f the instrumentation.
Meteorological measurements were obtained by the following instruments 
mounted on a 10-meter collapsible tower. Wind speed was measured using two three-cup 
Teledyne Geotech Wind Sensors Model 50.1 A. The resolution is 0.1 knots with an 
accuracy of +/-5 knots (Teledyne Geotech, 3401 Shiloh Road, Garland, Texas 75040).
The sensors were mounted on the tower at heights o f 2.5 meters and 10 meters. 
Temperature was measured using two Systron Donner 1851 thermometers each with a 
resolution of 0.1 C° and an accuracy o f +/- 5 C° (Qualimetrics, 1165 National Drive, 
Sacramento, California 95834). The thermometers were mounted on the tower at heights 
of 2.5 meters and 10 meters with individual covers to ensure protection from direct 
sunlight. Relative humidity was measured using two Weather Measure HMI-14 Relative 
Humidity Indicators each with a resolution of 1% and an accuracy o f +/- 7% (Weather 
Measure Corporation, P.O. Box 41257 Sacramento, California 95841). These indicators 
were also mounted with covers for protection from precipitation on the tower at heights 
of 2.5 meters and 10 meters. Water equivalent precipitation was measured using a propane 
heated precipitation gauge with a resolution 0 .1  inch and an accuracy +/- 0 .1  inch (Sierra 
Misco Corporation, Berkeley, California). The water equivalent precipitation gauge was 
located near the sample site. Meteorological measurements were recorded using a 
Campbell 21 X Datalogger. Data was then downloaded after each sampling period to a 
laptop computer in order to preserve the limited memory in the Datalogger. All power 
was generated by a 12-volt battery connected through a Polar Power Small System 
Charge Controller to a Solarex MSX60 50-watt solar panel. An automotive battery
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Figure 4.2 Meteorological Instrumentation Setup.
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charger also was used to bring the batteries up to peak when needed. See Appendix HI 
for a schematic o f instrumentation.
In order to insure that the anemometers, thermometers and relative humidity 
indicators held their calibration, once a month the sensors were set up at the same 
elevation and allowed to record for a day. If the average day’s readings between similar 
sensors exceeded the accuracy outlined in the specification manuals, the instruments were 
replaced with units that had been calibrated by the Air Resources Laboratory / Department 
of Energy located at the Nevada Test Site. The Air Resources Laboratory provided 
calibration of all the meteorological instruments described above. Additional 
measurements were made periodically with a Friez Instrument Division anemometer model 
number ML-62-B to check the calibration of the wind speed instruments.
After the system had been throughly tested, the meteorological instrumentation 
performed consistently and as designed. The data presented in this research reflects times 
of lysimeter sampling during temperatures of near or below freezing, no measurable 
precipitation, and no measurable blowing snow. The selection data from these times was 
rigidly adhered to in order to measure sublimation from snow samples in an undisturbed 
state. However, the variables outside of the methodology, such as blowing snow and 
snow metamorphism, created gaps in the data that are presented in Chapter 5.
Geographical Characteristics
Lastly, the geographical information needed for Avery et al.’s (1992) empirical 
formula; latitude, elevation, and continentality were determined for each site.
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CHAPTERS
RESULTS
The observed sublimation loss data are presented in tabular form in Appendix I 
and the physically measured meteorological data are presented in tabular form in Appendix 
II. The data obtained from the field are presented graphically in Figures 5.1 to 5.16. The 
graphs include physically sampled sublimation vs. time, temperature vs. time, wind speed 
vs. time, and relative humidity vs. time respectfully for the Kyle Canyon, Brian Head, and 
Lee Canyon research sites. Over 730 individual gravimetric measurements were made 
using snow lysimeters and over 16,500 individual meteorological measurements were 
taken.
Each of the physically measured sublimation rate data points represents the 
average of ten lysimeter measurements. The original recorded meteorological 
measurements were converted into hourly representation of the data in order to smooth 
the data to give similar time axes to the physically measured sublimation rates.
The gaps in data are caused by a discontinuity in sampling periods due to lysimeter 
sample life or due to unfavorable meteorological conditions. As detailed in the previous 
section, the sampling periods ended due to meteorological conditions such as 
precipitation or excessive wind speed that would cause blowing snow. Sampling periods
25
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also ended due to changes of the lysimeter samples such as the formation of water held in 
capillary force or snow metamorphisms. Since the data logger only held meteorological 
measurements for a period of approximately thirty hours, the meteorological 
measurements needed to be down loaded to a computer daily or the meteorological data 
was over written. The meteorological data extends beyond the physically measured period 
because the meteorological data was downloaded after the lysimeters had been examined, 
cleaned and stored.
A general examination of the data reveals a definite diurnal cycle in all o f the field 
data. There does not appear to be any consistent correlation between the other 
meteorological measurements and the observed sublimation rates. Analysis of the results 
will be discussed in the next section.
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Figure 5.1 Kyle Canyon, Nevada Measured Sublimation Rates Starting March 12, 1994.











Kyle Canyon Meteorological Data
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Figure 5.2 Kyle Canyon, Nevada Temperature Measurements Starting March 12, 1994.






Kyle Canyon Meteorological Data
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Figure 5.3 Kyle Canyon, Nevada Wind Speed Measurements Starting March 12, 1994.
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Figure 5.4 Kyle Canyon, Nevada Relative Humidity Measurements Starting March 12,
1994.
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Figure 5.5 Brian Head, Utah Observed Sublimation Rates Starting 29 May 1994.
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Brianhead Meteorological Data
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Figure 5.6 Brian Head, Utah Temperature Measurements Starting May 29, 1994.
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Figure 5.7 Brian Head, Utah Wind Speed Measurements Starting May 29, 1994.
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Figure 5.8 Brian Head, Utah Relative Humidity Measurements Starting May 29, 1994.
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Figure 5.9 Lee Canyon, Nevada Observed Sublimation Rates Starting January 10, 1995.
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Lee Canyon Meteorological Data 




0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384
Time (heurs)
T 2 T 1
Figure 5.10 Lee Canyon, Nevada Temperature Measurements Starting January 10, 1995.
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Lee Canyon Meteorological Data
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Figure 5.11 Lee Canyon, Nevada Wind Speed Measurements Starting January 10, 1995.
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Lee Canyon Meteorological Data
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Figure 5.12 Lee Canyon, Nevada Relative Humidity Measurements Starting January 10,
1995.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39














1 — 1 P -
f—^ p- 1 1
—t—1
P - J t
t r-j■H H i - P J f -
_  j 1—
1 1
? ■ - P ' 1 # p p
1 P - f - - P





k[+ - P - —
— 1—  




- 4 - —H  —1—
- ! T -1
—I— —i—'
— 1— i— 1






0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432
Time (hours)
Figure 5.13 Lee Canyon, Nevada Observed Sublimation Rates Starting January 31, 1995.
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Lee Canyon Meteorological Data
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Figure 5.14 Lee Canyon, Nevada Temperature Measurements Starting January 31, 1995.
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Lee Canyon Meteorological Data
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Figure 5.15 Lee Canyon, Nevada Wind Speed Measurements Starting January 3, 1995.
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Figure 5.16 Lee Canyon, Nevada Relative Humidity Measurements Starting January 3 1, 
1995.
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CHAPTER 6
DISCUSSION
The observed sublimation rates and meteorological data presented in Chapter 5 
will be discussed in the following order.
(1) Analysis of the field data collected (Appendix I and Appendix II).
(2) Analysis of values obtained by the Thomthwaite and Holzman equation.
(3) Analysis of values obtained by Avery et al.’s empirical equation (Eq. 3.5).
Field Data
Correlation analysis of data presented in the previous section reveals very little 
association between measured sublimation rates and meteorological variables. It appears 
that data fi-om Kyle Canyon, Nevada, may exhibit a slight correlation, the measured 
sublimation rate having a positive correlation with temperature, a negative correlation with 
relative humidity, and possibly a positive correlation with wind speed.
Statistical analysis o f the field data collected is presented by site in Table 6 . 1, Table 
6.2, and Table 6.3. A statistical analysis o f a cumulation of all data collected during this 
research is presented in Table 6.4.
The average measured parameters presented in the tables represent the average 
values for all of the data collected for the listed variables at each site. The standard
43
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deviation values presented in the tables are for all of the collected data for each site. 
Correlation values show the Pearson product moment correlation coefficients of the 
meteorological data as compared to the physically measured sublimation rates. To obtain 
correlation data, time data points for each comparable factor was obtained to match the 
time points o f the measured sublimation rates. Where data points existed for the same 
time, those points were used. Where meteorological data points did not match the 
physically measured sublimation rates in time, a meteorological data point was 
interpolated by assuming a linear relationship between the two closest meteorological data 
points. It should be noted, better correlation values may have been possible. For 
example, averaged meteorological measurements could have been compared against 
measured sublimation values. The statistical analysis for each research site is presented 
below.






Wind speed at 10 m 2.172 knots 1.275 knots 0.548
Wind speed at 2 m 1.847 knots 1.259 knots 0.520
Relative Humidity at 10 m 29.470 % 13.331 % -0.841
Relative Humidity at 2 m 24.917% 12.594% -0.746
Temperature at 10 m -2.936 °C 4.412 °C 0.830
Temperature at 2 m -3.383 °C 4.416 °C 0.816
Measured sublimation rate 0.438 mm/day 0.295 mm/day Not Applicable
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Wind speed at 10 m 2.805 knots 0.882 knots -0.140
Wind speed at 2 m 2.569 knots 0.671 knots -0.118
Relative Humidity at 10 m 37.062 % 9.288 % -0.310
Relative Humidity at 2 m 33.058% 9.391 % -0.295
Temperature at 10 m 9.996 °C 2.713 °C 0.331
Temperature at 2 m 9.494 °C 2.858 °C 0.350
Measured sublimation rate 0.757 mm/day 0.386 mm/day Not Applicable






Wind speed at 10 m 2.333 knots 1.625 knots 0.151
Wind speed at 2 m 2.043 knots 1.598 knots 0.126
Relative Humidity at 10 m 31.359% 16.287 % -0.380
Relative Humidity at 2 m 26.290 % 15.486% -0.318
Temperature at 10 m -3.416 °C 4.668 °C 0.492
Temperature at 2 m -3.911 °C 4.686 °C 0.516
Measured sublimation rate 0.586 mm/day 0.325 mm/day Not Applicable
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Wind speed at 10 m 2.439 knots 1.651 knots 0.082
Wind speed at 2 m 2.159 knots 1.614 knots 0.069
Relative Humidity at 10 m 32.654 % 15.868 % -0.310
Relative Humidity at 2 m 27.908 % 15.193 % -0.250
Temperature at 10 m 0.138 °C 7.366 °C 0.439
Temperature at 2 m -0.354 °C 7.371 °C 0.448
Measured sublimation rate 0.647 mm/day 0.321 mm/day Not Applicable
The average sublimation rates ranged from a low of 0.438 mm/day at Kyle 
Canyon, Nevada to a high of 0.757 at Brian Head, Utah, with an overall average for all of 
the data o f0.657 mm/day. Using the overall average sublimation rate measured in this 
study, a hypothetical snow pack in southern Nevada with an area of 2,000 km“ would lose 
a projected average of 1,294,000 m^  per day o f water equivalent due to sublimation. To 
put these numbers in perspective, assuming a high water usage of 1 m^/capita-day. the 
daily projected sublimation loss from this hypothetical snow pack would provide over 
3,500 people municipal water for a year. The monthly sublimation loss would provide an 
annual water supply for over 105,000 people. These values fall within the range of other 
researchers’ measured values as presented in Table 6 .6  at the end of this chapter. Thus, 
the measured sublimation rates show a significant water equivalent loss occurring from 
snow packs.
The Brian Head, Utah site shows the least variation in the meteorological 
measurements as shown in the standard deviation values in Table 6.2. The most variability
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is shown at Lee Canyon, Nevada (Table 6.3). The standard deviations of the measured 
sublimation rates between the three research sites exhibit similar amplitudes.
Correlation values between the meteorological data and the measured sublimation 
rates showed poor correlation in general; however, in Kyle Canyon, Nevada, a strong 
positive relationship with temperature and a strong inverse relationship with relative 
humidity was revealed. The data from Brian Head, Utah and Lee Canyon, Nevada show 
no correlation and had much more frequent measurement than Kyle Canyon, Nevada. The 
large number of measurements at Brian Head, Utah and Lee Canyon, Nevada suggests the 
strong correlations and inverse correlations at Kyle Canyon, Nevada are possibly spurious.
Many field complications arose during the course of this research. Occasionally, 
these complications tested the limits o f the assumptions made in the methodology. Many 
of the complications are related to snow metamorphism.
Typically, snow lysimeters are used in situations where the air temperature and the 
snow in the lysimeter is below freezing. However, during some of the sampling sessions 
air temperatures rose above freezing, and even when air temperatures were below 
freezing, melt did occasionally occur, as sometimes indicated by an observable presence of 
liquid in the bottoms o f the lysimeters. As described in the methodology, data was 
disregarded and not included in the final data set when the snow sample contained 
something other than snow (e.g. water, debris). Over a period o f a few days, some 
samples completely transformed from snow pack to ice. The melt could be attributed 
directly to solar radiation input to either the snow sample or the lysimeter, eventually 
raising the snow pack’s temperature to where the edges of the snow crystals turned to 
liquid state. Unfortunately, the meteorological station did not include the instrumentation
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to measure solar radiation or reflected radiation (albedo). Likewise, the lysimeter design 
did not include a thermometer to measure the snow pack temperature.
Small amounts of evaporation may have occurred along with sublimation in 
conditions where air temperatures were above fi'eezing. This was particularly a concern 
for gravimetric measurements at Brian Head when the temperatures were quite warm. For 
the purposes of this thesis, no distinction is made between sublimation and evaporation 
from snow packs devoid of observable free water content, although it is recognized that it 
is possible some evaporation may have occurred.
The research conducted by Albert and McGilvary (1992) may suggest that vapor 
flow within the snow pack may not only affect the sublimation rate but may also add to its 
thermodynamic stability and consistency. Over several sampling periods, it was noted that 
samples turned to ice more quickly during times of near freezing temperatures, clear skies, 
and low wind speeds. These are meteorological conditions where the effects of vapor 
flow in the snow pack may be enhanced. Vapor is continually transported through the 
entire snow pack, unless the porosity is physically occluded. Most lysimeters, by their 
design, prohibit vapor flow. If the lysimeter size had been wider and deeper in this study, 
it may have reduced the interference of vapor movement.
Snow metamorphism is the change in particle configuration as snow ages. In a 
seasonal snow pack, new snow is continually undergoing metamorphism until it melts and 
becomes runoff during spring. These metamorphic changes and final melting are driven by 
temperature, wind gradients, and humidity gradients. A large portion of the snow samples 
used in this study consisted of fresh snow. In Colbeck’s (1982) research, it was found that 
new snow is thermodynamically unstable and is undergoing metamorphism. Some
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metamorphism occurs in the form of sublimation and condensation in the snow pack, and 
therefore could have affected the sublimation rates observed at Kyle Canyon, Nevada, 
Brian Head, Utah, and Lee Canyon, Nevada. However, this research study was not 
designed to include the effects of snow metamorphism.
The methodology for ensuring that snow was not blown into the lysimeters 
worked well. However, when the lysimeters were removed from the snow pack for 
weighing, the lysimeters would often have ice crystals formed on the exterior sides. The 
formation of frozen condensation on the exterior of the lysimeter, necessitated carefully 
removing the buildup before an accurate measurement could be obtained. Frozen 
condensation occurred regularly after a period of sample saturation as described above. 
Again, solar radiation gain is the most likely culprit.
In visual observation, the rim of the lysimeter protruded the surface of the snow by 
approximately 0.5 cm. The lysimeter protrusion most likely interfered with the wind flow 
over the surface of the sample. This interference could have affected the rate o f 
evaporation. Ohmura (1982a) made the same observation in his research. Again, the use 
of a larger (wider) lysimeter could reduce the impact of the interference o f possible 
turbulence caused by the rim protrusion of the lysimeter.
The heated precipitation gauge did not perform. The propane heating element 
continually was extinguished during the high winds of a storm. Therefore, there was a 
negligible amount of useable data recorded from this instrument.
The meteorological instrumentation was not without its faults. When the 
instruments had been idle for long periods o f time, the calibration was checked. The 
checking of the instrumentation occasionally resulted in having to replace the
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instrumentation with a set of newly calibrated sensors, and then retest the sensors in the 
field.
Thomthwaite and Holzman Equation
The calculated sublimation rates from Thomthwaite and Holzman's equation (Eq.
3.2) as described in the Methodology section are presented graphically for each site in 
Figures 6 . 1, 6.2, 6.3, and 6.4.
Statistical analyses o f the calculated sublimation rates are presented in Table 6.5. 
The average calculated sublimation rates presented in the summary table represent the 
overall average of the calculations at each specific site using the Thomthwaite and 
Holzman equation. Correlation values show the Pearson product moment correlation 
coefficients between physically measured sublimation rates and sublimation rates 
calculated using Thomthwaite and Holzman's equation (Eq. 3.2). To obtain correlation 
data, time data points for the calculated sublimation rates were obtained to match the time 
points o f the measured sublimation rates. Where data points existed for the same time, 
those points were used. Where the calculated sublimation data points did not match the 
physically measured sublimation rates, a calculated sublimation rate data point was 
interpolated by assuming a linear relationship between the earlier and later calculated 
sublimation rate data points.
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Figure 6 .1  Kyle Canyon, Nevada Calculated Sublimation Rates Starting March 12, 1994.
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Brian H ead Calculated Sublimation Rate
Starting 29-May-94
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Figure 6.2 Brian Head, Utah Calculated Sublimation Rates Starting May 29, 1994.
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Lee Canyon Calculated Sublim ation
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Figure 6.3 Lee Canyon, Nevada Calculated Sublimation Rates Starting January 10, 1995.
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Figure 6.4 Lee Canyon, Nevada Calculated Sublimation Rates Starting January 31, 1995.
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TABLE 6.5 Thomthwaite and Holzman calculated sublimation loss statistical analysis










Kyle Canyon, Nevada 0.321 mm/day 0.267 mm/day 0.992
Brian Head, Utah 0.318 mm/day 0.411 mm/day -0.237
Lee Canyon, Nevada 0.259 mm/day 0.284 mm/day 0.057
All site data combined 0.281 mm/day 0.322 mm/day 0.037
The average calculated sublimation rates for each site are approximately half of the 
measured sublimation rates. Schmidt (1982) found that sublimation rates were initially 
high after a snow fall event and then lessened as time progressed. In some cases, Schmidt 
found, the initial sublimation rate was double what is was hours later. Most of the snow 
samples in this study consisted of fresh snow and this may explain why the calculated rates 
are approximately half of the measured rates. The standard deviations of the calculated 
sublimation values and the measured sublimation rates are similar, indicating that the 
amplitudes of the calculated sublimation rates are similar to the measured sublimation 
rates. However, there appears to be no correlation between the calculated sublimation 
rates and the measured sublimation rates with the exception of the Kyle Canyon data, 
which shows very high correlation.
As mentioned above, the high correlation value for Kyle Canyon, Nevada is 
probably a coincidence due to the limited number of data points. The low correlation 
values are probably a result of recurrent low wind speeds allowing diftusion to be 
dominant over turbulent mixing as a driving sublimation force. As described in Chapter 3,
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Thomthwaite and Holzman’s equation (Eq. 3.2) has critical limits where diftusion 
becomes the driving force; these critical limits include times o f low wind speeds. In an 
eftbrt to control blowing snow, the higher wind speeds that transported snow made the 
data collected during that time invalid. Therefore, the field sampling periods were 
dominated by times of low wind speeds. If data fi'om higher wind speeds had been 
included, then the correlation between measured sublimation rates and the calculated 
sublimation rates using the Thomthwaite and Holzman equation (Eq 3 .2) could well have 
been higher.
Empirical Relationship with Geographical Features
Avery et al.’s empirical equation (Eq. 3.5), was used to calculate average 
sublimation rates for the three sites. Calculated sublimation rates were -0.19 mm/day for 
Kyle Canyon, 0.71 mm/day Brian Head, and 0.06 mm/day for Lee Canyon. The only 
good match these data have with observed sublimation values is at Brian Head where the 
averaged observed sublimation rate is 0.760 mm/day.
Avery et al.’s (1992) original data set obtained a correlation between calculated 
and observed sublimation rates at eight field sites of 0.760 with an unadjusted r^  of 0.577, 
If the data from Kyle Canyon, Brian Head, and Lee Canyon are included with Avery et 
al.’s (1992) original data set, the correlation value between calculated and observed 
sublimation increases to 0.775 and the unadjusted r^  increases to 0.600. This indicates 
that there is some correlation between the site’s geographical characteristics and the 
sublimation rates. In general, as the latitude, continentality, and/or elevation increase, so 
would the sublimation rate of that site (Avery et al., 1992).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57
Comparison to Sublimation Rates at Other Locations
Table 6 .6  is a summary of measured sublimation rates collected by Avery et al. 
(1992) with the addition of this study; the author, latitude, continentality, elevation, and 
sublimation rates are presented.
As can be observed from Table 6 .6 , there is a wide variance between sublimation 
rates at different sites. The values observed in this study in southern Nevada and southern 
Utah are within the range, and on the lower end, o f  other previous research studies. The 
large range of sublimation rates presented in Table 6 .6  implies that sublimation is difficult 
to predict and that more research is needed in this area.












65 N 20 E 0 1 0 0 0.45 Bengtsson
40 N 106 W 1425 2750 1 .0 0 Bergen & 
Swanson
52 N 114 W 780 2 0 0 0 1.60 Golding
40 N 106 W 1425 2750 0.80 Hutchison
47 N 14 E 650 3030 1.13 Kaser
41 N 105 W 1500 2750 2.70 Meiman & Grant
41 N 105 W 1500 2750 2.40 Meiman & Grant
39.5 N 120 W 275 2134 0.15 West
36 N 115 W 385 2 0 0 0 0.44 Author 
(Kyle Canyon)
39 N 113 W 650 3000 0.76 Author 
(Brian Head)
36 N 115 W 385 2700 0.59 Author 
(Lee Canyon)
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CHAPTER?
CONCLUSION
The purpose o f this research was to estimate the significance of regional 
sublimation by measuring or calculating sublimation rates o f mostly fresh snow in Kyle 
Canyon, Nevada; Brian Head, Utah; and Lee Canyon, Nevada. The methods used include 
gravimetric field measurements, Thomthwaite and Holzman’s equation (Eq. 3.2), and 
Avery et al.’s empirical equation (Eq. 3.5). The snow sublimation measurements and 
calculations were compared to the measured sublimation rates o f other sites.
The results from the gravimetric field observations showed that sublimation is 
significant with rates of 0.438 mm/day at Kyle Canyon, Nevada, 0.757 mm/day at Brian 
Head, Utah, and 0.586 mm/day at Lee Canyon, Nevada, and an overall study average of 
0.647 mm/day. There was basically no correlation between measured sublimation rates 
and concurrent meteorological measurements.
The results predicted from the Thomthwaite and Holzman’s equation (Eq 3.2) 
were less than half of, and had very poor correlation with, the measured sublimation rates. 
The poor correlation may be, in part, an artifact o f the sampling methodology. This study 
indicates that predicting sublimation using Thomthwaite and Holzman method has 
limitations. The poor correlation suggests that other factors such as snow metamorphism
58
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may be a key element in affecting vapor transport through a snow pack and therefore the 
rate of sublimation.
The calculated sublimation rates from the empirical equation proposed by Avery et 
al. (1992) based on latitude, continentality, and elevation were not entirely consistent with 
the average sublimation rates measured in the field. However, Avery et al.’s equation 
showed improved correlation o f 0.775 when the measured sublimation rates in this study 
were added to their original data set. Empirical equations, such as Avery et al.’s, may be 
an acceptable method of quickly and roughly estimating sublimation loss.
The observed sublimation rates from this study were compared to sublimation 
rates observed by other researchers and found to be within the range of previous studies. 
Although the values from this study were in the lower part o f the range, the measured 
sublimation rates from this study were o f similar magnitude.
In this study, sublimation was shown to be responsible for a significant amount o f 
water equivalent loss. A large percentage of our nation’s water supply is fed directly or 
indirectly from snow melt runoff. As demands for fresh water continue to increase, 
increasingly more accurate methods of predicting available water are going to have to be 
developed. One component o f predicting available water that can be improved upon and 
warrants further investigation is snow sublimation. Determining the amount of water 
equivalent lost to sublimation would allow a more accurate estimation of potential waters 
available during the spring and summer months. Additionally, the effects of potential 
drought years could more accurately be determined.
Current water quantity model enhancements that include snow often include 
measurements such as snow depth, water equivalent, or snow melt. These values do not
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directly incorporate sublimation as a potential source o f water loss. Sublimation is a 
highly variable, significant process that should be examined in more detail. After all, 
sublimation is a “thief’ that significantly reduces the water available to humans and 
wildlife.
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This appendix contains the measured sublimation from the lysimeters and the conversion 
into the corresponding sublimation rate where;
Sr = S ,/ (ti-t,) X 24 / Al X 10
where:
Sj = Sublimation rate (mm/day)
Sj = Amount sublimated (g)
ti = Time o f lysimeter measurement (hours)
= Time o f previous lysimeter measurement (hours)
Al = Surface area of lysimeter (cm’)
The absence of values in the “Amount Sublimated” column represents times of new 
samples.
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12-Mar-94 0 0 : 0 0 0 .0 0
12-Mar-94 07:30 7.50
12-Mar-94 15:35 15.58 4.24 0.82
13-Mar-94 08:00 32.00 1.70 0.16
13-Mar-94 17:35 41.58 3.19 0.52
14-Mar-94 07:30 55.50 2.26 0.25
Site Average Sublimation Rate 0.438
Site Standard Deviation 0.295
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29-May-94 0 0 : 0 0
29-May-94 1 1 :0 0
29-May-94 13:00 13.00 1.48 0.18
29-May-94 14:00 14.00 0.41 0.64
29-May-94 14:30 14.50
29-May-94 16:00 16.00 0.63 0.65
29-May-94 16:10 16.17
29-May-94 17:00 17.00 0.91 1.70
29-May-94 19:00 19.00 0.82 0.64
29-May-94 19:30 19.50
29-May-94 20:30 20.50 0.72 1 .1 2
30-May-94 08:00 32.00
30-May-94 10:30 34.50 0.84 0.52
30-May-94 14:00 38.00 2 .1 2 0.94
30-May-94 2 1 : 0 0 45.00
30-May-94 2 2 : 0 0 46.00 0.43 0.67
30-May-94 23:00 47.00 0.28 0.44
31-May-94 2 2 : 0 0 70.00
01-Jun-94 09:00 81.00 5.30 0.75
Ol-Jun-94 1 1 .0 0 83.00 0.43 0.34
02-Jun-94 09:00 105.00
02-Jun-94 1 1 :0 0 107.00 1.47 1.15
02-Jun-94 15:30 111.50
03-Jun-94 09:00 129.00 9.54 0.85
Site Average Sublimation Rate 0.757
Site Standard Deviation 0.386
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lO-Jan-95 0 0 :0 0
lO-Jan-95 09:00
lO-Jan-95 13:00 13.00 3.870 0.464
lO-Jan-95 16:00 16.00 0.834 0.433
11-Jan-95 09:00 33.00 3.190 0.293
11-Jan-95 10:30 34.50 0.867 0.901
11-Jan-95 16:00 40.00 3.560 1.009
12-Jan-95 09:00 57.00 4.670 0.428
12-Jan-95 13:00 61.00 1.386 0.540
12-Jan-95 16:00 64.00 0.736 0.382
18-Jan-95 09:00 2 0 1 .0 0
18-Jan-95 13:00 205.00 1.473 0.574
18-Jan-95 16:00 208.00 1.390 0.722
19-Jan-95 09:00 225.00 4.897 0.449
19-Jan-95 10:30 226.50 0.454 0.472
19-Jan-95 13:00 229.00 1.692 1.055
19-Jan-95 16:00 232.00 1.295 0.673
20-Jan-95 09:00 249.00 5.125 0.470
20-Jan-95 13:00 253.00 0.950 0.370
20-Jan-95 15:30 255.50 0.853 0.532
20-Jan-95 16:00 256.00 0.265 0.826
21-Jan-95 09:00 273.00 5.000 0.459
24-Jan-95 09:00 345.00
24-Jan-95 10:30 346.50 0.312 0.324
24-Jan-95 13:00 349.00 0.734 0.458
24-Jan-9 5 16:00 352.00 1.318 0.685
25-Jan-95 09:00 369.00 5.339 0.490
z.5-Jan-95 13:00 373.00 0.419 0.163
25-Jan-95 16:00 376.00 1.674 0.870
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31 -Jan-95 0 0 .0 0 0 .0 0
31-Jan-95 09:00 9.00
31-Jan-95 10:30 10.50 0.831 0.864
31-Jan-95 13:00 13.00 2.114 1.318
Ol-Feb-95 09:00 33.00 3.143 0.245
01-Feb-95 16:00 40.00 2.577 0.574
02-Feb-95 09:00 57.00 2.917 0.268
02-Feb-95 13:00 61.00 2.740 1.068
02-Feb-95 16:00 64.00 1.792 0.931
lO-Feb-95 09:00 249.00
lO-Feb-95 13:00 253.00 2.849 1 .1 1 0
lO-Feb-95 16:00 256.00 1.398 0.727
15-Feb-95 09:00 369.00
15-Feb-95 13:00 373.00 2.892 1.127
15-Feb-95 16:00 376.00 1.719 0.893
16-Feb-95 09:00 393.00 2.458 0.225
16-Feb-95 10:30 394.50 0.431 0.448
16-Feb-95 15:30 399.50 2.996 0.934
17-Feb-95 10:30 418.50 5.207 0.427
Site Average Sublimation Rate 0.586
Site Standard Deviation 0.325




The following pages contain the meteorological data collected from the three research 
sites. The abbreviations at the top of the tables are;
WS2 = Wind speed at 10 meters 
WSl = Wind speed at 2.5 meters 
RH2 = Relative humidity at 10 meters 
RHl = Relative humidity at 2.5 meters 
T l = Temperature at 10 meters 
T2 = Temperature at 2.5 meters
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Kyle Canyon, Nevada Meteorological Measurements.















12-Mar-94 0 0 : 0 0 0 .0 0
12-Mar-94 07:00 700
12-Mar-94 08:00 8 .0 0 0.760 0.578 40.806 32.250 -8.980 -9.248
12-Mar-94 09:00 9.00 0.841 0.807 26.084 17.886 -5.653 -5.707
12-Mar-94 1 0 :0 0 1 0 .0 0 0.981 0.730 17.018 11.311 -1.819 -2.512
12-Mar-94 1 1 :0 0 1 1 .0 0 1.613 0.919 14.776 12.052 -0.689 -1.169
12-Mar-94 1 2 :0 0 1 2 .0 0 2.649 2.166 14.819 13.164 -0.346 -0.900
12-Mar-94 13:00 13.00 2.514 2.225 15.430 14.137 0.298 0.174
12-Mar-94 14:00 14.00 2.928 2.638 16.516 14.728 0.926 0.476
12-Mar-94 15:00 15.00 3.095 2.795 16.164 13.762 1.108 0.530
12-Mar-94 16:00 16.00 3.470 3.281 16.366 13.509 1.440 0.931
12-Mar-94 17:00 17.00 3.749 3.529 15.751 12.842 1.699 1.345
12-Mar-94 18:00 18.00 4.063 3.303 16.711 13.558 2.016 1.253
12-Mar-94 19:00 19.00 3.403 3.166 19.622 14.575 0.999 0.969
12-Mar-94 2 0 : 0 0 2 0 .0 0 2.417 2 .0 1 2 21.632 14.367 0.385 -0.445
12-Mar-94 2 1 : 0 0 2 1 .0 0 1.718 1.141 27.385 19.726 -3.071 -3.155
12-Mar-94 2 2 .0 0 2 2 .0 0 1 .1 1 2 0 .6 6 6 36.022 30.215 -6.418 -7.095
12-Mar-94 23:00 23.00 1.053 0.721 41.663 33.820 -7.839 -8.771
13-Mar-94 0 0 : 0 0 24.00 0.809 0.651 38.976 31.625 -7.808 -8.376
13-Mar-94 0 1 : 0 0 25.00 0.752 0.712 38.712 31.970 -8.236 -8.511
13-Mar-94 0 2 : 0 0 26.00 0.757 0.476 38.867 33.409 -7.920 -8.314
13-Mar-94 03:00 27.00 0.726 0.591 41.633 37.519 -8.209 -8 .8 6 8
13-Mar-94 04:00 28.00 0.821 0.708 39.746 32.112 -8.752 -9.045
13-Mar-94 05:00 29.00 0.747 0.714 41.308 38.395 -8.907 -9.597
13-Mar-94 06:00 30.00 0.802 0.669 39.528 32.117 -8.818 -9.657
13-Mar-94 07:00 31.00 0.698 0.650 33.937 27.255 -8.567 -9.089
13-Mar-94 08:00 32.00 0.713 0.687 36.092 27.243 -8.392 -8.418
13-Mar-94 09:00 33.00 0.748 0.675 22.091 14.131 -4.373 -4.871
13-Mar-94 1 0 :0 0 34.00 0.992 0.757 16.680 11.973 -1.167 -1.781
13-Mar-94 1 1 :0 0 35.00 1.830 1.623 15.207 12.315 0.301 0.178
13-Mar-94 1 2 :0 0 36.00 2.749 2.323 13.878 11.707 1.462 1.116
13-Mar-94 13:00 37.00 3.537 3.003 13.824 11.415 2.089 1.807
13-Mar-94 14:00 38.00 3.865 3.304 15.995 13.832 2.990 2.369
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13-Mar-94 15:00 39.00 3.827 3.629 16.895 14.361 2.934 2.167
13-Mar-94 16:00 40.00 4.328 4.287 17.685 14.905 2.938 2.079
13-Mar-94 17:00 41.00 4.345 4.184 16.686 14.090 3.301 3.116
13-Mar-94 18:00 42.00 3.635 3.499 17.157 14.053 3.415 3.001
13-Mar-94 19:00 43.00 3.560 3.239 17.237 14.417 3.177 3.153
13-Mar-94 2 0 : 0 0 44.00 3.332 2.788 20.556 16.048 1 .6 6 8 0.729
13-Mar-94 2 1 : 0 0 45.00 1.918 1.381 25.771 20.902 -1.282 -1.964
13-Mar-94 2 2 : 0 0 46.00 1.159 0.496 32.868 28.752 -2.812 -2.874
13-Mar-94 23:00 47.00 1.411 0.670 37.353 33.370 -2.360 -2.690
14-Mar-94 0 0 : 0 0 48.00 0.823 0.628 38.756 34.991 -3.999 -4.415
l4-Mar-94 0 1 : 0 0 49.00 1.078 0.680 45.984 43.632 -4.158 -4.371
14-Mar-94 0 2 : 0 0 50.00 1.143 0.614 51.867 46.010 -4.219 -4.302
14-Mar-94 03:00 51.00 1.893 0.857 53.126 47.956 -3.792 -4.001
14-Mar-94 04:00 52.00 2.532 1.825 52.483 48.901 -5.320 -5.958
14-Mar-94 05:00 53.00 3.405 3.162 52.866 47.996 -6.543 -7.192
14-Mar-94 06:00 54.00 3.959 3.473 51.885 46.007 -7.351 -8.090
14-Mar-94 07:00 55.00 3.736 3.549 47.949 45.638 -9.154 -9.644
14-Mar-94 08:00 56.00 3.437 3.334 43.686 40.001 -10.055 -10.128
Site Averages 2.172 1.847 29.470 24.917 -2.936 -3.383
Site Standard Deviations 1.275 1.259 13.331 12.594 4.412 4.416
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Brian Head, Utah Meteorological Measurements.
Date Time Elapsed
Time
W S2 WS 1 RH 2 RH 1 T 2 T 1
(dd-mmm-w) (hh:mm) (hours) (knots) (knots) (%) (%) (C°) (C°)
29-May-94 0 0 : 0 0 0 . 0 0
29-May-94 1 1 :0 0 1 1 .0 0 - - - - -
29-May-94 1 2 :0 0 1 2 .0 0 2.459 2.196 27.803 22.643 11.315 10.352
29-May-94 13:00 13.00 3.668 2.843 31.155 30.918 11.133 10.164
29-May-94 14:00 14.00 3.385 2.987 30.570 29.950 11.765 11.042
29-May-94 15:00 15.00 3.601 2.714 31.833 31.022 11.538 11.450
29-May-94 16:00 16.00 3.619 2.949 32.338 31.277 12.118 11.769
29-May-94 17:00 17.00 3.667 3.045 26.905 25.407 12.667 1 2 .0 0 0
29-May-94 18:00 18.00 3.550 3.185 24.927 23.620 12.812 12.602
29-May-94 19:00 19.00 3.377 3.155 29.055 24.970 12.527 12.219
29-May-94 2 0 : 0 0 2 0 . 0 0 2.771 2.755 29.247 21.897 12.088 11.414
29-May-94 2 1 : 0 0 2 1 . 0 0 1.925 1.325 33.752 26.578 9.663 8.825
29-May-94 2 2 : 0 0 2 2 . 0 0 0.881 0.690 44.133 38.218 6.646 5.785
29-May-94 23:00 23.00 0.751 0.685 44.635 38.568 6.094 5.749
30-May-94 0 0 : 0 0 24.00 0.764 0.669 47.070 40.545 5.793 5.614
30-May-94 0 1 : 0 0 25.00 0.706 0.677 47.043 41.043 5.779 5.487
30-May-94 0 2 : 0 0 26.00 0.870 0.728 48.708 43.228 5.754 4.755
30-May-94 03:00 27.00 0 896 0 .8 8 8 47.887 42.418 5.609 5.020
30-May-94 04:00 28.00 0.853 0.685 45.025 39.805 5.400 5.335
30-May-94 05:00 29.00 0.813 0.792 42.072 36.395 5.295 4.975
30-May-94 06:00 30.00 1 .2 0 1 1.130 40.435 35.153 5.701 5.643
30-May-94 07:00 31.00 1.070 0.872 38.772 33.038 5.430 4.997
30-May-94 08:00 32.00 0.695 0.684 40.712 32.265 5.323 5.226
30-May-94 09:00 33.00 0.837 0.813 26.078 17.887 8.854 8.377
30-May-94 1 0 :0 0 34.00 0.976 0.739 17.010 11.312 12.683 12.438
30-May-94 1 1 :0 0 35.00 1.562 1.001 14.703 12.063 13.663 12.804
30-May-94 1 2 :0 0 36.00 2.599 2.248 14.747 13.175 14.007 13.677
30-May-94 13:00 37.00 2.509 2.233 15.423 14.138 14.802 14.261
30-May-94 14:00 38.00 2.885 2.707 16.455 14.738 15.305 14.394
30-May-94 15:00 39.00 3.083 2.814 16.147 13.765 15.588 15.533
30-May-94 16:00 40.00 3.435 3.338 16.315 13.517 15.843 15.787
30-May-94 17:00 41.00 3.736 3.550 15.733 12.845 16.177 15.627
30-May-94 18:00 42.00 3.879 3.603 16.445 13.600 15.922 15.810
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Brian Head, Utah Meteorological Measurements (continued).
Date Time Elapsed
Time
W S2 WS 1 RH2 RH 1 T 2 T 1
fdd-mmm-w) fhh:mm) (hours) (knots) (knots) (%) (%) (C°) ( C )
30-May-94 19:00 43.00 3.403 3.166 19.622 14.575 15.518 14.655
30-May-94 2 0 : 0 0 44.00 2.417 2 .0 1 2 21.632 14.367 14.905 14.061
30-May-94 2 1 : 0 0 45.00 1.711 1.153 27.375 19.728 11.425 10.816
30-May-94 2 2 : 0 0 46.00 1.076 0.724 35.970 30.223 7.982 7.403
30-May-94 23:00 47.00 1.053 0.721 41.663 33.820 6.681 6.074
31-May-94 0 0 : 0 0 48.00 0.773 0.710 38.923 31.633 6.591 6.329
31-May-94 0 1 : 0 0 49.00 0.752 0.712 36.712 27.970 6.284 5.406
31-May-94 0 2 : 0 0 50.00 0.664 0.627 33.733 26.430 6.291 6.182
3 1-May-94 03:00 51.00 0.691 0.648 35.582 27.527 6.194 5.602
31-May-94 04:00 52.00 0.777 0.779 39.683 32.122 5.622 4.956
3 1-May-94 05:00 53.00 0.747 0.714 41.308 35.395 5.613 4.707
3 1-May-94 06:00 54.00 0.778 0.708 39.493 32.122 5.622 5.541
31-May-94 07:00 55.00 0 .6 8 6 0.669 33.920 27.258 6.393 6.065
31-May-94 08:00 56 00 0.712 0.689 36.090 27.243 6.124 5.984
3 1-May-94 09:00 57.00 0.742 0.684 22.083 14.132 10.128 9.875
3 1-May-94 1 0 :0 0 58.00 0.992 0.757 16.680 11.973 13.353 12.749
31-May-94 1 1 :0 0 59.00 1.816 1.646 15.187 12.318 14.775 14.505
3 1-May-94 1 2 :0 0 60.00 2.590 2.582 13.648 11.743 15.452 14.982
31-May-94 13:00 61.00 3.362 3.287 13.572 11.455 16.027 15.974
31-May-94 14:00 62.00 3.064 2.831 15.720 13.875 16.875 16.351
31 -May-94 15:00 63.00 3.674 3.615 16.818 14.373 17.277 16.649
31-May-94 16:00 64.00 4.328 4.288 17.685 14.905 17.457 16.719
31-May-94 17:00 65.00 4.316 4.231 16.645 14.097 17.725 16.772
31 -May-94 18:00 6 6 .0 0 3.635 3.499 17.157 14.053 17.935 17.664
31-May-94 19:00 67.00 3.548 3.258 17.220 14.420 17.658 17.125
31-May-94 2 0 : 0 0 6 8 .0 0 3.279 2.874 20.480 16.060 16.012 15.093
31-May-94 2 1 : 0 0 69.00 1.912 1.391 25.762 20.903 13.217 12.634
31-May-94 2 2 : 0 0 70.00 0.982 0.785 32.612 28.792 11.118 10.838
31-May-94 23:00 71.00 1.204 1.007 37.055 33.417 9.952 9.337
Ol-Jun-94 0 0 : 0 0 72.00 2.675 2.550 38.683 35.002 10.353 9.783
Ol-Jun-94 0 1 : 0 0 73.00 2.860 2.736 45.948 43.638 10.278 9.773
Ol-Jun-94 0 2 : 0 0 74.00 4.379 4.015 51.770 46.025 10.077 9.595
Ol-Jun-94 03:00 75.00 4.135 3.808 52.863 47.997 1 0 .1 2 2 9.331
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W S2 WS 1 RH2 RH 1 T 2 T 1
dd-mmm-w) (hh:mm) (hours) (knots) (knots) (%) (%) (C°) (C°)
Ol-Jun-94 04:00 76.00 2.944 2.755 52.318 48.927 8.818 8.339
Ol-Jun-94 05:00 77.00 5.333 4.946 59.435 53.127 7.970 7.687
Ol-Jun-94 06:00 78.00 7.187 6.796 61.012 55.183 6.903 6.819
Ol-Jun-94 07:00 79.00 4.918 4.934 66.712 61.423 5.364 4.564
Ol-Jun-94 08:00 80.00 7.488 6.979 66.775 61.659 4.457 3.565
Ol-Jun-94 09:00 81.00 9.705 8.930 66.894 63.652 5 082 4.958
Ol-Jun-94 1 0 :0 0 82.00 8.456 7.778 66.969 62.456 5.921 5.288
Ol-Jun-94 1 1 :0 0 83.00 8.820 8.245 66.721 60.386 7.337 6.550
Ol-Jun-94 1 2 :0 0 84.00 5.856 5.638 65.196 58.947 6.757 6.097
Ol-Jun-94 13:00 85.00 5.088 5.122 64.013 48.885 8.750 8.515
Ol-Jun-94 14:00 8 6 .0 0 5.066 5.101 40.212 37.673 10.512 10.423
Ol-Jun-94 15:00 87.00 4.801 4.799 36.993 35.008 10.587 9.593
Ol-Jun-94 16:00 8 8 .0 0 4.744 4.805 31.988 30.915 11.277 10.851
Ol-Jun-94 17:00 89.00 4.452 4.655 33.023 30.750 11.412 10.568
Ol-Jun-94 18:00 90.00 3.825 4.136 27.263 25.687 12.115 11.709
Ol-Jun-94 19:00 91.00 3.089 3.900 30.308 28.398 12.018 11.687
Ol-Jun-94 2 0 :0 0 92.00 3.006 3.535 31.722 28.542 11.178 10.468
Ol-Jun-94 2 1 :0 0 93.00 2.029 2.326 39.452 38.758 8.601 8  065
Ol-Jun-94 2 2 :0 0 94.00 1.863 1.635 49.022 46.899 6.409 5.569
Ol-Jun-94 23:00 95.00 1.751 1.558 52.996 50.344 5.562 5.166
02-Jun-94 0 0 :0 0 96.00 1.595 1.451 59.457 52.298 5.200 4.694
02-Jun-94 0 1 :0 0 97.00 1.178 1.158 59.900 53.794 4.938 4.600
02-Jun-94 0 2 :0 0 98.00 1.349 1.283 60.900 56.149 4.886 3.913
02-Jun-94 03:00 99.00 1.510 1.219 60.459 57.892 4.797 4.567
02-Jun-94 04:00 1 0 0 .0 0 2.016 1.405 62.979 59.499 4.812 4.080
02-Jun-94 05:00 1 0 1 .0 0 1.014 0.993 62.568 55.984 4.212 3.494
02-Jun-94 06:00 1 0 2 .0 0 0.918 0.772 62.039 55.795 3.608 3.410
02-Jun-94 07:00 103.00 1.097 0.748 60.991 52.465 3.260 2.402
02-Jun-94 08:00 104.00 1.601 1.004 52.309 44.989 3.971 3.297
02-Jun-94 09:00 105.00 2.223 1.833 43.515 41.345 7.432 7.007
02-Jun-94 1 0 :0 0 106.00 1.937 2.139 31.638 29.595 9.595 9.465
02-Jun-94 1 1 :0 0 107.00 2.156 2.176 26.052 24.094 11.420 11.015
02-Jun-94 1 2 :0 0 108.00 2.443 2.517 23.132 21.422 12.347 1 2 .1 0 1
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Brian Head, Utah Meteorological Measurements (continued).















02-Jun-94 13:00 109.00 2.672 2.660 24.828 22.029 13.137 12.296
02-Jun-94 14:00 1 1 0 .0 0 2.936 2.865 25.753 22.309 13.615 13.417
02-Jun-94 15:00 1 1 1 .0 0 2.949 2.973 26.508 23.034 14.312 13.962
02-Jun-94 16:00 1 1 2 .0 0 3.090 2.978 27.402 26.556 14.690 13.980
02-Jun-94 17:00 113.00 2.914 2.792 28.585 26.145 14.617 14.357
02-Jun-94 18:00 114.00 3.291 2.849 28.407 26.384 14.447 14.067
02-Jun-94 19:00 115.00 3.449 3.104 24.467 25.792 15.235 15.043
02-Jun-94 2 0 : 0 0 116.00 3.169 2.627 31.630 32.170 14.033 13.845
02-Jun-94 2 1 : 0 0 117.00 2.807 2.249 39.785 37.542 11.918 11.638
02-Jun-94 2 2 : 0 0 118.00 4.450 3.610 47.472 46.338 9.557 8.716
02-Jun-94 23:00 119.00 4.904 4.130 48.540 46.573 9.058 8.455
03-Jun-94 0 0 : 0 0 1 2 0 .0 0 4.817 3.739 45.757 44.152 9.325 9.229
03-Jun-94 0 1 : 0 0 1 2 1 .0 0 4.587 3.897 47.845 46.372 8.607 8.393
03-Jun-94 0 2 : 0 0 1 2 2 .0 0 4.310 3.581 44.597 43.092 8.847 7.909
03-Jun-94 03:00 123.00 3.997 3.592 42.420 41.208 8.470 7.638
03-Jun-94 04:00 124.00 3.688 3.317 39.667 38.948 8.547 8 .2 0 2
03-Jun-94 05:00 125.00 3.950 3.275 42.108 41.620 8.535 8.331
03-Jun-94 06:00 126.00 3.820 3.037 40.845 40.362 8.633 7.802
03-Jun-94 07:00 127.00 2.776 2.081 38.025 35.328 8.027 7.084
03-Jun-94 08:00 128.00 1.600 1.290 48.497 44.683 7.518 6.594
03-Jun-94 09:00 129.00 2.590 2.619 32.822 31.653 10.620 10.170
Site Averages 2.805 2.569 37.062 33.058 9.996 9.494
Site Standard Deviations 1.797 1.716 15.044 14.343 3.941 3.959
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W S2 WS 1 RH2 RH 1 T 2 T 1
d-mmm-w) (hhrmm) (hours) (knots) (knots) (%) (%) (C°) (C°)
O-Jan-95 0 0 : 0 0 0 .0 0
O-Jan-95 09:00 9.00 - - - - - -
0 -Jan-95 1 0 :0 0 1 0 .0 0 0.825 0.733 26.191 17.808 -8.370 -8.601
O-Jan-95 1 1 :0 0 1 1 .0 0 0.973 0.720 17.037 11.293 -4.716 -5.534
O-Jan-95 1 2 :0 0 1 2 .0 0 1.561 0.993 14.714 12.055 -3.769 -4.523
O-Jan-95 13:00 13.00 2.595 2 .2 2 1 14.785 13.148 -3.371 -3.420
O-Jan-95 14:00 14.00 2.751 2.522 15.439 14.127 -2.621 -3.560
O-Jan-95 15:00 15.00 2.884 2.702 16.462 14.733 -2.136 -2.876
O-Jan-95 16:00 16.00 3.082 2.806 16.159 13.757 -1.844 -2.739
O-Jan-95 17:00 17.00 3.427 3.281 16.395 13.461 -1.448 -2.395
O-Jan-95 18:00 18.00 3.727 3.490 15.817 12.786 -1.106 -1.618
O-Jan-95 19:00 19.00 3.851 3.417 16.708 13.415 -0.993 -1.711
O-Jan-95 2 0 : 0 0 2 0 .0 0 3.403 3.165 19.624 14.574 -1.934 -2 .1 2 0
O-Jan-95 2 1 : 0 0 2 1 .0 0 2.379 1.752 21.999 14.109 -1.795 -2.141
O-Jan-95 2 2 : 0 0 2 2 .0 0 1.709 1.140 27.393 22.715 -5.993 -6.427
O-Jan-95 23:00 23.00 1.076 0.723 35.972 30.222 -9.470 -9.587
1-Jan-95 0 0 : 0 0 24.00 1.044 0.762 41.746 35.861 -10.603 -10.884
1-Jan-95 0 1 : 0 0 25.00 0.773 0.710 41.923 41.633 -10.864 -11.016
1-Jan-95 0 2 : 0 0 26.00 0.744 0.661 43.785 42.919 - 1 1 .0 2 2 -11.624
1-Jan-95 03:00 27.00 0.656 0.572 43.811 42.938 -11.005 -11.710
1-Jan-95 04:00 28.00 0.691 0.647 43.583 42.753 -11.260 -11.439
1-Jan-95 05:00 29.00 0.775 0.767 39.700 32.110 -11.799 -12.652
1-Jan-95 06:00 30.00 0.732 0.611 41.454 35 292 -11.542 -12.040
1-Jan-95 07:00 31.00 0.770 0.652 39.572 32.066 -11.671 -12.198
1-Jan-95 08:00 32.00 0.672 0.577 34.051 27.166 -10.794 -11.045
1-Jan-95 09:00 33.00 0.712 0 .6 8 8 31.091 22.242 -11.329 -11.943
l-Jan-95 1 0 :0 0 34.00 0.834 0.628 22.163 14.076 -7.164 -7.690
1-Jan-95 1 1 :0 0 35.00 0.963 0.558 16.961 11.775 -3.525 -4.422
1-Jan-95 1 2 :0 0 36.00 1.793 1.491 15.405 12.164 -2.231 -2.924
1-Jan-95 13:00 37.00 2.576 2.389 13.779 11.651 -1.734 -2.044
1-Jan-95 14.00 38.00 3.344 3.168 14.741 12.336 -1.081 -1.582
1-Jan-95 15:00 39.00 3.648 3.324 15.871 13.769 -0.270 -1.099
1-Jan-95 16:00 40.00 3.670 3.587 16.108 13.595 -0.097 -0.896
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Lee Canyon, Nevada meteorological measurements starting January 10, 1995 (continued).
Date Time Elapsed
Time
WS 2 WS 1 RH2 RH 1 T 2 T 1
d-mmm-w) (hh:mm) (hours) (knots) (knots) (%) (%) (C°) (C°)
1-Jan-95 17:00 41.00 3.433 3.418 16.192 13.400 0.016 -0.655
1-Jan-95 18:00 42.00 3.431 3.411 16.678 14.074 0.337 0.306
1-Jan-95 19:00 43.00 3.621 3.407 17.286 13.962 0.030 -0.893
1-Jan-95 2 0 :0 0 44.00 3.547 3.249 17.233 14.411 -0.594 -0.733
1 -Jan-95 2 1 :0 0 45.00 3.278 2 .8 6 6 20.491 16.052 -1.420 -1.850
1-Jan-95 2 2 :0 0 46.00 1.909 1.034 25.788 19.543 -4.186 -4.460
1-Jan-95 23:00 47.00 0.982 0.783 32.614 27.987 -6.334 -6.870
2-Jan-95 0 0 :0 0 48.00 1.191 0.775 37.182 33.328 -10.094 -10.608
2-Jan-95 0 1 :0 0 49.00 1.052 0.712 38.695 34.993 -10.562 -10.763
2-Jan-95 0 2 :0 0 50.00 0.747 0.532 41.200 38.461 -10.670 -10.977
2-Jan-95 03:00 51.00 0.751 0.703 45.782 40.016 -10.892 -11.649
2 -Jan-95 04:00 52.00 0.640 0.464 43.094 37.835 -11.004 -11.292
2-Jan-95 05:00 53.00 0.671 0.516 37.504 33.796 -11.456 -11.911
2-Jan-95 06:00 54.00 0.776 0.774 40.442 34.122 -11.519 -11.592
2-Jan-95 07:00 55.00 0.747 0.714 46.012 40.183 -11295 -11.793
2-Jan-95 08:00 56.00 0.777 0.704 51.718 46.419 -12.080 -12.543
2-Jan-95 09:00 57.00 0.679 0.620 51.844 46.610 -12.093 -12.883
2-Jan-95 1 0 :0 0 58.00 0.712 0.689 51.895 48.652 -11.934 -12.606
2 -Jan-95 1 1 :0 0 59.00 0.727 0.581 52.115 47.353 -11.235 -11.978
2-Jan-95 1 2 :0 0 60.00 0.991 0.750 51.731 45.379 -11.049 -11.659
2-Jan-95 13:00 61.00 1.803 1.561 50.316 43.862 -10.451 -10.877
2-Jan-95 14:00 62.00 2.590 2.580 49.015 33.883 -8.701 -9.156
2 -Jan-95 15:00 63.00 3.334 3.098 25.478 22.485 -6.395 -7.155
2-Jan-95 16:00 64.00 3.654 3.561 22.141 19.904 -6.023 -6.520
8-Jan-95 0 0 :0 0 192.00
8-Jan-95 09:00 2 0 1 .0 0
8-Jan-95 1 0 :0 0 2 0 2 .0 0 0.929 0.844 23.379 18.134 -0.154 -0.954
8-Jan-95 1 1 :0 0 203.00 1.347 0.862 18.219 12.306 1.109 1.056
8-Jan-95 1 2 :0 0 204.00 1.938 1.126 15.929 13.071 1.695 1.577
8-Jan-95 13:00 205.00 3.035 2.459 16.821 14.879 3.090 2.977
8-Jan-95 14:00 206.00 2.690 2.326 16.341 14.892 2 746 2.127
8-Jan-95 15:00 207.00 3.268 2.834 17.704 15.764 3.140 2.142
8-Jan-95 16:00 208.00 3.083 2.814 16.148 13.766 2.603 1.824
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Lee Canyon, Nevada meteorological measurements starting January 10, 1995 (continued).
Date Time Elapsed
Time
W S2 WS 1 RH2 RH 1 T 2 T 1
dd-mmm-w) (hh.mm) (hours) (knots) (knots) (%) (%) (C°) (C°)
18-Jan-95 17:00 209.00 3.921 3.499 17.901 14.820 3.835 3.731
18-Jan-95 18:00 2 1 0 .0 0 3.854 3.589 16.117 13.161 2.783 1963
18-Jan-95 19:00 2 1 1 .0 0 4.330 3.752 17.917 14.810 1.838 1.575
18-Jan-95 2 0 : 0 0 2 1 2 .0 0 3.415 3.170 19.662 14.608 -1.880 -2.552
18-Jan-95 2 1 : 0 0 213.00 3.131 2.248 23.959 18.364 -2.504 -3.138
18-Jan-95 2 2 : 0 0 214.00 2.543 1.428 30.088 24.958 -3.421 -4.284
18-Jan-95 23:00 215.00 1.360 0.818 36.897 30.985 -4.172 -4.238
19-Jan-95 0 0 : 0 0 216.00 1.061 0.824 41.689 35.942 -4.828 -5.775
19-Jan-95 0 1 : 0 0 217.00 0.867 0.741 39.229 31.885 -4.849 -5.403
19-Jan-95 0 2 : 0 0 218.00 0.767 0.717 36.761 28.011 -4.969 -5.219
19-Jan-95 03:00 219.00 0.769 0.662 37.076 29.712 -6.084 -6.318
19-Jan-95 04:00 2 2 0 .0 0 1.006 0.752 36.610 28.372 -6.490 -7.406
19-Jan-95 05:00 2 2 1 .0 0 0.847 0.802 39.912 32.310 -8.072 -8.278
19-Jan-95 06:00 2 2 2 .0 0 0.747 0.714 41.309 35.396 -9.759 -9.960
19-Jan-95 07:00 223.00 0.928 0.758 39.983 32.525 -10.350 -10.496
19-Jan-95 08:00 224.00 0.689 0.670 33.929 27.265 -10.035 -10.885
19-Jan-95 09:00 225.00 0.876 0.743 31.625 22.682 -8.857 -9.619
19-Jan-95 1 0 :0 0 226.00 0.865 0.692 22.157 14.193 -7.738 -8.607
19-Jan-95 1 1 :0 0 227.00 1.378 0.885 17.938 13.007 -0.959 -1.362
19-Jan-95 1 2 :0 0 228.00 1.896 1.672 15.447 12.532 -0.180 -0.548
19-Jan-95 13:00 229.00 2.630 2.495 13.779 11.851 0.414 0.164
19-Jan-95 14:00 230.00 3.442 3.314 14.833 12.670 1.072 0.196
19-Jan-95 15:00 23100 3.673 3.434 15.750 13.900 1.772 1.690
19-Jan-95 16:00 232.00 4.018 3.796 16.862 14.276 2 . 6 6 6 2.585
19-Jan-95 17:00 233.00 4.341 4.292 16.228 13.441 2.362 1.861
19-Jan-95 18:00 234.00 4.681 4.552 16.856 14.271 2.738 1.999
19-Jan-95 19:00 235.00 3.749 3.537 17.529 14.359 3.052 2.874
19-Jan-95 2 0 : 0 0 236.00 3.737 3.321 17.836 14.926 2.932 2.003
19-Jan-95 2 1 : 0 0 237.00 3.362 2.902 20.751 16.283 1.064 1.064
19-Jan-95 2 2 : 0 0 238.00 2.167 1.475 23.092 18.085 -1.370 -1.836
19-Jan-95 23:00 239.00 0.987 0.787 29.129 25.306 -3.994 -4.610
20-Jan-95 0 0 : 0 0 240.00 1.970 1.261 36.054 31.970 -0.560 -0.914
20-Jan-9 5 0 1 : 0 0 241.00 1.448 0.852 36.472 32.561 -3.939 -4.315
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Lee Canyon, Nevada meteorological measurements starting January 10, 1995 (continued).
Date Time Elapsed
Time
W S2 WS 1 RH2 RH 1 T 2 T 1
dd-mmm-w) Chhrmm) (hours) (knots) (knots) (%) (%) (C°) .  (C )
20-Jan-95 0 2 :0 0 242.00 0.790 0.716 42.505 40.185 -4.808 -5.170
20-Jan-95 03:00 243.00 0.775 0.720 48.344 42.586 -4.998 -5.903
20-Jan-95 04:00 244.00 0.972 0.729 50.368 45.323 -4.353 -4.622
20-Jan-95 05:00 245.00 0.691 0.648 48.818 45.427 -6.305 -6.323
20-Jan-9 5 06:00 246.00 0.806 0.788 56.028 49.704 -7.093 -7.969
20-Jan-95 07:00 247.00 0.784 0.726 57.632 51.782 -8.143 -8.472
20-Jan-95 08:00 248.00 1.086 0.810 64.215 37.946 -9.112 -9.577
20-Jan-95 09:00 249.00 0.739 0.687 34.093 27.400 -10.554 -10.604
20-Jan-95 1 0 :0 0 250.00 0.716 0.690 36.104 27.254 -10.032 -11.031
20-Jan-95 1 1 :0 0 251.00 1.584 1.008 22.775 2 0 . 1 2 2 -9.155 -9.425
20-Jan-95 1 2 :0 0 252.00 3.053 2.398 23.226 21.390 -6.832 -7.721
20-Jan-95 13:00 253.00 2.519 2.236 15.455 14.164 -8.345 -8.988
20-Jan-95 14:00 254.00 3.579 2.937 18.719 16.598 -4.913 -5.433
20-Jan-95 15:00 255.00 3.245 2.834 16.348 13.930 -4.481 -4.490
20-Jan-95 16:00 256.00 3.998 3.524 18.150 15.025 -3.353 -4.317
20-Jan-95 17:00 257.00 4.023 3,645 17.669 14.615 -3.242 -3.655
20-Jan-95 18:00 258.00 3.682 3.404 19.456 16.609 -3.704 -3.912
20-Jan-95 19:00 259.00 3.405 3.167 19.627 14.579 -3.005 -3.150
20-Jan-95 2 0 :0 0 260.00 2.596 2.038 2 1 .8 8 8 14.577 -2.940 -3.820
2 0 -Jan-95 2 1 : 0 0 261.00 2.488 1.755 29.910 21.811 -2.310 -2 .6 8 6
20-Jan-95 2 2 :0 0 262.00 1.114 0.737 36.094 30.325 -6.442 -7.122
20-Jan-95 23:00 263.00 1.284 0.797 42.416 34.439 -8.229 -8.691
21-Jan-95 0 0 :0 0 264.00 0.981 0.779 39.600 32.190 -9.124 -9.627
21-Jan-95 0 1 : 0 0 265.00 0.853 0.745 37.042 28.241 -9.710 -10.405
21-Jan-95 0 2 :0 0 266.00 0.775 0.664 39.094 31.726 -9.952 -10.493
21-Jan-95 03:00 267.00 0.792 0.681 37.910 29.797 -10.025 -10.893
21-Jan-95 04:00 268.00 0.823 0.794 39.833 32.245 -10.229 -10.595
21-Jan-95 05:00 269.00 0.758 0.718 39.343 35.424 -10.289 -10.504
21-Jan-95 06:00 270.00 0.826 0.724 39.649 32.250 -10.811 -10.870
21-Jan-95 07:00 271.00 0.964 0.761 34.828 28.004 -10.930 -11.693
21-Jan-95 08:00 272.00 0.783 0.712 36.320 27.432 -11.715 -12.582
21-Jan-95 09:00 273.00 0.747 0 .6 8 6 22.099 14.145 -11.142 -11.649
21-Jan-95 1 0 :0 0 274.00 0.995 0.758 16.689 11.980 -7.685 -8.132
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Lee Canyon, Nevada meteorological measurements starting January 10, 1995 (continued).
Date Time Elapsed
Time
W S2 WS 1 RH2 RH 1 T 2 T 1
dd-mmm-w) (hh:mm) (hours) (knots) (knots) (%) (%) TC°) (C°)
21-Jan-95 1 1 :0 0 275.00 1.821 1.648 15.204 12.332 -5.517 -6.469
21-Jan-95 1 2 :0 0 276.00 2.851 2 .6 6 8 14.498 12.442 -3.155 -3.789
21-Jan-95 13:00 277.00 3.659 3.385 14.541 12.251 -2.151 -3.063
21-Jan-95 14:00 278.00 3.237 2 .8 8 8 16.283 14.338 -1.623 -2.151
21-Jan-95 15:00 279.00 3.674 3.615 16.818 14.373 -1.508 -2.446
21-Jan-95 16:00 280.00 5.678 5.569 17 738 14.949 -0.777 -1.483
24-Jan-95 0 0 : 0 0 336.00
24-Jan-95 09:00 345.00
24-Jan-95 1 0 :0 0 346.00 1.156 0.905 24.172 18.520 1.019 0.772
24-Jan-95 1 1 :0 0 347.00 0.988 0.742 17.051 11.335 0.935 -0 .0 2 1
24-Jan-95 1 2 :0 0 348.00 1.565 1 .0 0 2 14.713 12.069 1.488 1.312
24-Jan-95 13:00 349.00 2.579 2.300 15.364 13.532 2.774 2.731
24-Jan-95 14:00 350.00 2.409 2.233 15.423 14.138 2.731 2.641
24-Jan-95 15:00 351.00 3.405 2.857 18.240 15.771 4.199 3.256
24-Jan-95 16:00 352.00 3.147 2.833 16.368 13.893 3.339 2.436
24-Jan-95 17:00 353.00 4.218 3.563 19.002 15.072 5.329 4.396
24-Jan-95 18:00 354.00 4.089 3.652 16.946 13.547 3.988 3.459
24-Jan-95 19:00 355.00 4.073 3.659 17.110 13.985 1.946 1.857
24-Jan-95 2 0 :0 0 356.00 3.429 3.174 19.712 14.627 -1.264 -2.075
24-Jan-95 2 1 : 0 0 357.00 2.432 2.016 21.683 14.396 -3.391 -4.164
24-Jan-95 2 2 :0 0 358.00 1.724 1.157 27.420 22.754 -4.562 -5.517
24-Jan-95 23:00 359.00 1.260 0.777 36.603 30.589 -3.736 -4.612
25-Jan-95 0 0 :0 0 360.00 1.272 0.884 42.414 34.255 -3.726 -3.871
25-Jan-95 0 1 : 0 0 361.00 0.808 0.720 40.044 32.703 -4.381 -4.958
25-Jan-95 0 2 :0 0 362.00 0.761 0.715 40.743 31.988 -4.402 -4.931
25-Jan-95 03:00 363.00 0.743 0.650 39.004 31.587 -5.532 -6.004
25-Jan-95 04:00 364.00 0.691 0.648 39.583 31.528 -6.575 -7.369
25-Jan-95 05:00 365.00 0.837 0.796 39.891 32.242 -7.493 -7.882
25-Jan-95 06:00 366.00 1.159 0.833 42.722 36.213 -8.161 -9.070
25-Jan-95 07:00 367.00 0.969 0.763 40.149 32.502 -9.615 -10.577
25-Jan-95 08:00 368.00 0.794 0.700 34.292 27.473 -9.195 -10.084
25-Jan-95 09:00 369.00 0.729 0.694 31.148 22.276 -8.583 -8.607
25-Jan-95 1 0 :0 0 370.00 0 .8 6 6 0.691 22.167 14.181 -7.148 -7.551
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Lee Canyon, Nevada meteorological measurements starting January 10, 1995 (continued).
Date Time Elapsed
Time
W S2 WS 1 RH2 RH 1 T 2 T 1
dd-mmm-w) fhhrmm) (hours) (knots) (knots) (%) (%) (C°) (C°)
25-Jan-95 1 1 :0 0 371.00 1.620 0.938 18.837 13.221 -6.232 -6.337
25-Jan-95 1 2 :0 0 372.00 1.864 1.660 15.352 12.413 -5.677 -5.963
25-Jan-95 13:00 373.00 2.756 2.530 14.217 12.072 -3.623 -4.190
25-Jan-95 14:00 374.00 3.401 3.298 14.706 12.532 -3.862 -4.253
25-Jan-95 15:00 375.00 3.733 3.451 15.956 14.012 -3.099 -3.393
25-Jan-95 16:00 376.00 3.923 3.758 16.581 13.920 -2.764 -2.903
Site averages and site standard deviations are listed at the end o f “Lee Canyon, Nevada 
meteorological measurements starting January 31, 1995.”
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Lee Canyon, Nevada meteorological measurements starting January 31, 1995.















31-Jan-95 0 0 : 0 0 0 .0 0
31-Jan-95 09:00 9.00
31-Jan-95 1 0 :0 0 1 0 .0 0 0.840 0.812 23.093 17.899 1.441 0.549
31-Jan-95 1 1 :0 0 1 1 .0 0 1.006 0.731 17.157 11.426 2 .2 2 1 1.223
31-Jan-95 1 2 :0 0 1 2 .0 0 1.568 0.999 14.732 12.086 2.704 2.608
31-Jan-95 13:00 13.00 2.647 2.181 15.947 14.101 4.461 3.586
3 l-Jan-95 14:00 14.00 2.456 2 .2 2 0 15.649 14.313 4.107 3.314
31-Jan-95 15:00 15.00 3.204 3.002 14.547 12.809 4.183 3.967
3 l-Jan-95 16:00 16.00 3.401 3.109 16.236 13.834 4.449 3.805
3 l-Jan-95 17:00 17.00 3.757 3.632 16.420 13.598 4.671 4.144
3 l-Jan-95 18:00 18.00 4.083 3.837 15.961 13.021 4.489 4.406
3 l-Jan-95 19:00 19.00 3.922 3.591 16.654 13.761 2.828 2 .0 2 2
3 l-Jan-95 2 0 : 0 0 2 0 .0 0 3.584 3.117 20.496 15.249 0.549 0.186
3 l-Jan-95 2 1 : 0 0 2 1 .0 0 2.445 2.004 21.768 14.472 -2 .1 2 2 -2.418
3 l-Jan-95 2 2 : 0 0 2 2 .0 0 1.965 1.084 28.603 23.675 -2.440 -2.656
3 l-Jan-95 23:00 23.00 1.293 0.665 37.018 31.032 -2.179 -2.604
Ol-Feb-95 0 0 : 0 0 24.00 1.055 0.820 41.673 33.828 -3.060 -3.089
Ol-Feb-95 0 1 : 0 0 25.00 0.778 0.709 39.948 32.652 -3.249 -4.186
Ol-Feb-95 0 2 : 0 0 26.00 0.824 0.692 41.062 32.240 -2.952 -3.459
Ol-Feb-95 03:00 27.00 0.706 0.616 40.934 33.585 -4.371 -4.742
Ol-Feb-95 04:00 28.00 1 .0 1 0 0.562 43.123 34.716 -4.180 -4.997
Ol-Feb-95 05:00 29.00 0.803 0.772 39.807 32.218 -6.346 -6.640
Ol-Feb-95 06:00 30.00 0.757 0.711 41.356 35.432 -7.945 -8.067
Ol-Feb-95 07:00 31.00 0.858 0 .6 8 6 39.879 32.420 -8.589 -9.335
Ol-Feb-95 08:00 32.00 0.701 0.665 33.991 27.312 -8.209 -8.309
Ol-Feb-95 09:00 33.00 0.822 0.659 31.623 22.654 -7.011 -7.795
Ol-Feb-95 1 0 :0 0 34.00 0.870 0.676 22.219 14.237 -5.903 -6.370
Ol-Feb-95 1 1 :0 0 35.00 0.999 0.755 16.714 11.999 -6.562 -7.268
Ol-Feb-95 1 2 :0 0 36.00 1.973 1.604 15.461 12.647 -5.208 -5.904
Ol-Feb-95 13:00 37.00 2.915 2.394 16.322 14.390 -2.812 -3.759
Ol-Feb-95 14:00 38.00 3.387 3.280 15.544 14.232 -3.865 -4.644
Ol-Feb-95 15:00 39.00 3.999 3.314 18.557 16.360 -1.637 -2.314
Ol-Feb-95 16:00 40.00 3.975 3.715 16.153 13.770 -3.129 -3.392
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Ol-Feb-95 17:00 41.00 4.558 4.226 17.429 14.376 3.199 2.908
Ol-Feb-95 18:00 42.00 4.586 4.158 17.041 13.854 3.617 3.132
Ol-Feb-95 19:00 43.00 3.666 3.491 16.595 13.716 2.928 2.794
Ol-Feb-95 2 0 : 0 0 44.00 3.556 3.256 19.660 14.604 2.565 2.324
Ol-Feb-95 2 1 : 0 0 45.00 3.279 2.874 21.633 14.367 0.889 0.472
Ol-Feb-95 2 2 : 0 0 46.00 1.990 1.370 27.754 2 0 .0 2 0 -1.612 -2.205
Ol-Feb-95 23:00 47.00 0.983 0.785 35.976 30.228 -4.000 -4.324
02-Feb-95 0 0 : 0 0 48.00 1.208 1.006 37.663 29.820 -2.157 -2.687
02-Feb-95 0 1 : 0 0 49.00 1.157 0.693 37.426 30.021 -4.379 -4.538
02-Feb-95 0 2 : 0 0 50.00 0.787 0.706 36.781 28.023 -4.791 -4.987
02-Feb-95 03:00 51.00 0.817 0.694 37.049 29.674 -4.801 -4.804
02-Feb-95 04:00 52.00 0.672 0.625 35.620 27.556 -4.972 -5.795
02-Feb-95 05:00 53.00 0.921 0.586 40.797 32.981 -5.440 -5.659
02-Feb-95 06:00 54.00 0.782 0.778 41.334 35.415 -7.132 -7.986
02-Feb-95 07:00 55.00 0.786 0.703 39.683 32.269 -8.072 -8.167
02-Feb-95 08:00 56.00 0.897 0.676 36.497 29.703 -9.311 -9.558
02-Feb-95 09:00 57.00 0.783 0.643 36.557 27.603 -8.303 -8.848
02-Feb-95 1 0 :0 0 58.00 1.031 0.603 23.626 15.322 -7.843 -8.274
02-Feb-95 1 1 :0 0 59.00 1.969 0.891 18.648 13.491 -7.675 -8.511
02-Feb-95 1 2 :0 0 60.00 2 .2 0 0 1.848 15.191 12.321 -7.783 -8.551
02-Feb-95 13:00 61.00 2.513 2.232 13.667 11.758 -8.351 -8.765
02-Feb-95 14:00 62.00 3.011 2.673 14.183 11.926 -5.899 -6.557
02-Feb-95 15:00 63.00 3.484 2.733 15.177 12.999 -3.480 -4.290
02-Feb-95 16:00 64.00 3.548 3.307 14.365 11.795 - 1 .1 1 2 -1.610
lO-Feb-95 0 0 : 0 0 240.00
lO-Feb-95 09:00 249.00
lO-Feb-95 1 0 :0 0 250.00 0.929 0.763 23.421 18.075 1.667 0.737
lO-Feb-95 1 1 :0 0 251.00 1.129 0.657 17.579 11.623 2.500 1.646
lO-Feb-95 1 2 :0 0 252.00 1.588 0.987 14.800 12.116 2.748 1.992
lO-Feb-95 13:00 253.00 3.195 1.821 17.706 14.793 5.577 5.545
lO-Feb-95 14:00 254.00 2.485 2.192 15.705 14.292 4.126 3.851
lO-Feb-95 15:00 255.00 3.221 2.988 14.590 12.812 4.205 3.991
IO-Feb-95 16.00 256.00 3.785 2.898 17.643 14.583 5.415 5.171
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Lee Canyon, Nevada Meteorological Measurements starting January 3 1, 1995
(continued).















I5-Feb-95 0 0 : 0 0 360.00
15-Feb-95 09:00 369.00
I5-Feb-95 1 0 :0 0 370.00 1.051 0.997 2 2 .8 8 6 2 1 .0 0 0 0.880 0.366
15-Feb-95 1 1 :0 0 371.00 1.295 1.062 23.880 21.420 1.491 0.728
I5-Feb-95 1 2 :0 0 372.00 2.174 2.030 25.796 22.742 2.729 2.502
I5-Feb-95 13:00 373.00 2.905 2.903 23.926 21.308 3.052 2.780
I5-Feb-95 14:00 374.00 3.676 3.607 24.425 21.255 3.446 2.495
I5-Feb-95 15:00 375.00 4.390 3.590 24.996 22.004 3.947 3.817
15-Feb-95 16:00 376.00 4.506 4.046 29.214 24.365 4.820 4.244
I5-Feb-95 17:00 377.00 4.628 4.588 32.768 27.907 3.939 3.407
15-Feb-95 18:00 378.00 4.642 4.568 40.106 36.164 3.970 3.263
15-Feb-95 19:00 379.00 4.341 4.208 44.173 40.506 2.087 1.354
15-Feb-95 2 0 : 0 0 380.00 4.263 3.980 45.975 42.221 -0.599 -0.810
15-Feb-95 2 1 : 0 0 381.00 4.079 3.574 52.951 50.641 -0.880 -1.875
15-Feb-95 2 2 :0 0 382.00 3.688 3.202 60.245 54.136 -1.117 -1.490
I5-Feb-95 23:00 383.00 3.696 3.505 60.132 55.199 -3.477 -3.681
16-Feb-95 0 0 : 0 0 384.00 3.992 3.835 61.014 57.204 -2.651 -3.267
16-Feb-95 0 1 : 0 0 385.00 4.439 4.344 67.680 61.064 -3.137 -4.069
16-Feb-95 0 2 : 0 0 386.00 3.576 3.459 68.319 62.414 -3.685 -4.181
I6-Feb-95 03:00 387.00 4.682 4.320 73.777 68.472 -4.141 -4.833
16-Feb-95 04:00 388.00 4.462 4.147 74.297 69.052 -5.701 -6.051
I6-Feb-95 05:00 389.00 3.246 3.058 73.929 70.678 -7.075 -8 .0 0 1
16-Feb-95 06:00 390.00 5.663 5.290 74.545 69.890 -6.272 -6.683
16-Feb-95 07:00 391.00 7.513 7.134 74.230 67.769 -7.221 -7.682
16-Feb-95 08:00 392.00 7.758 7.839 74.905 67.986 -5.504 -5.870
16-Feb-95 09:00 393.00 7.808 7.308 71.396 56.174 -6.133 -6.750
l6-Feb-95 1 0 :0 0 394.00 7.416 6.646 47.430 44.837 -4.821 -5.116
I6-Feb-95 1 1 :0 0 395.00 8.834 8.192 45.498 43.141 -1.293 -1.584
16-Feb-95 1 2 :0 0 396.00 9.131 8.561 39.206 38.079 - 1 .1 1 2 -1.384
16-Feb-95 13:00 397.00 6.156 5.938 40.029 37.755 -1.780 -1.925
16-Feb-95 14:00 398.00 5.499 5.584 36.410 34.303 -0.354 -0.459
16-Feb-95 15:00 399.00 5.366 5.401 40.216 37.676 -1.016 -1.954
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Lee Canyon, Nevada Meteorological Measurements starting January 31, 1995
(continued).















I6-Feb-95 16:00 400.00 5.185 5.221 45.611 43.226 0.137 0.030
l6-Feb-95 17:00 401.00 5.046 5.108 39.029 37.946 -0.155 -1.076
16-Feb-95 18:00 402.00 4.754 4.958 40.059 37.777 -0.255 -1.074
16-Feb-95 19:00 403.00 4.221 4.576 36.113 34.080 0.346 -0.272
16-Feb-95 2 0 :0 0 404.00 3.404 3.622 37.597 35.616 -0.216 -1.131
16-Feb-95 2 1 :0 0 405.00 3.322 3.358 39.029 36.773 -2.397 -2.471
16-Feb-95 2 2 : 0 0 406.00 2.385 2.707 47.523 46.564 -2.762 -2.920
16-Feb-95 23:00 407.00 2.165 1.939 56.069 53.935 -3.770 -4.025
17-Feb-95 0 0 :0 0 408.00 2.090 1.915 60.745 57.908 -4.089 -4.244
l7-Feb-95 0 1 : 0 0 409.00 1.920 1.788 66.946 59.666 -3.505 -4.191
17-Feb-95 0 2 :0 0 410.00 1.478 1.458 66.901 60.795 -4.702 -5.415
17-Feb-95 03:00 411.00 1 .6 6 8 1.611 68.273 63.429 -3.953 -4.930
17-Feb-95 04:00 412.00 1.877 1.616 68.744 65.859 -3.977 -4.749
17-Feb-95 05:00 413.00 1.654 1.060 70.703 67.044 -4.935 -5.605
17-Feb-95 06:00 414.00 1.344 1.336 70.139 63.414 -5.380 -5.522
l7-Feb-95 07:00 415.00 1.227 1.085 69.209 62.923 -4.922 -5.023
17-Feb-95 08:00 416.00 1.399 1.050 68.024 59.490 -1.547 -1.990
l7-Feb-95 09:00 417.00 1.974 1.411 60.727 53.056 1.490 0.575
I7-Feb-95 1 0 :0 0 418.00 2.562 2.190 51.270 48.914 2.897 2.031
17-Feb-95 1 1 :0 0 419.00 2.833 3.079 40.490 37.989 4.516 3.937
Site Averages 2.333 2.043 31.359 26.290 -3.416 -3.911
Site Standard Deviations 1.625 1.598 16.287 15.486 4.668 4.686
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